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CHAPTER HIGHLIGHTS 


CHAPTER 


Physics, Technology and society, SI units, Fundamental and derived units. Least count, accuracy and precision 
of measuring instruments, Errors in measurement, Significant figures. DI Scalars and Vectors, Vector addition 


and Subtraction, Zero Vector, Scalar and Vector products, Unit Vector, Resolution of.a Vector mensions of 


Physical quantities, dimensional analysis and its applications. 


BRIEF REVIEW 


In physics, we deal with observations, measurement 
and description of natural phenomenon related to matter 
and energy. The natural phenomena may be classified as 
mechanics, properties of matter, sound, thermodynamics, 
light, electricity, atomic physics, nuclear physics, particle 
physics, semiconductors, superconductors and so on. 


Physic al Quantities 


These are quantities that are used to describe the laws 
of physics. Physical quantities may be divided into six 
categories. 


1. Constant or ratio. Such quantities have only 
magnitude, for example, refractive index, dielectric 
constant and specific gravity. Such quantities have 
no units. 


2. Scalars These quantities have magnitude and 


anisotropic media even density, refractive index, 
dielectric constant, electric conductivity, stress, 
Strain and so on become tensor. A physical quantity 
which has only one component is called a scalar 
or a tensor of zero rank. If it has more than one 
component but less than or equal to four, it is called 
a vector or tensor of rank 1. If the components are 
greater than four, it is termed as tensor of a higher 
rank. 


Conversion factors Some physical quantities 
convert into another when multiplied by a factor. 
For example, in a wave y = y, sin (œ t — kx), 
k is a conversion factor. When k is multiplied by 
displacement or path difference it generates phase 
or phase difference. In frequency modulation 
kE f =ò, k converts voltage into angle and is termed 
as a conversion factor. Many other conversion 
factors can be thought of. 


unit. Some of them may have direction also but 
vector laws are not applied. Examples are charge, 
mass, distance, speed and current. 


Vectors These quantities possess magnitude, 
unit and direction. They also follow triangle law of 
addition. For example, velocity, force, momentum, 
torque and displacement. 


Phasors These possess magnitude (amplitude) 
and phase. They follow triangle law. SHM, waves, 
AC voltage and AC current are phasors. 


Tensors Such quantities do not have any specified 
direction but have different values in different 
directions. For example, moment of inertia. In 


In general, a physical quantity = magnitude x unit. If 
the unit changes, the magnitude will also change. We apply 
nu, =NnU,. 

Physical quantities may be divided into fundamental 
and derived quantities. 


Fundamental Quantities 


The quantities that do not depend upon any other quantity 
are called fundamental or absolute or basic quantities. 
Initially, only three fundamental quantities—length, mass 
and time—were considered. With the development of 
science, four more physical quantities were added. These 
are temperature, electric current, luminous intensity and 
amount of a substance. 
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Derived Quantities 


The physical quantities derived from fundamental quantities 
are called derived quantities like velocity, acceleration, force 
and momentum. 


Units 


The fixed and definite quantity taken as standard of reference 
with which other quantities of the same kind are measured 
is defined as a unit. 


Fundamental Units 


The units of fundamental quantities are called fundamental 
units. For example, units of length, mass and time or those 
of fundamental physical quantities, are called fundamental 
units. Table 1.1 lists all fundamental and supplementary units 
(SD and their symbols. 


Table 1.1 Fundamental Physical Quantities 


Physical SI unit Dimensional Unit 
quantity Symbol Symbol 
Length metre L m 
Mass kilogram M kg 
Time second T S 
Temperature Kelvin K K 
Electric current Ampere A A 
Luminous Candela I Cd 
intensity 

Amount of mole mol mol 
substance 

Supplementary 

units 

Angle radian — rad 
Solid angle stredian  — str 


Derived Units 


Units of derived physical quantities are called derived units. 
For example, units of velocity, density, force, momentum 
and volume. 


Initially, three systems of units, namely, CGS, FPS 
and MKS based on three fundamental quantities, length, 
mass and time, came into existence. In 1970, in a world 
conference a consensus evolved and a standard international 
system of units was developed. It is more popularly known 
as the SI system. In addition to seven fundamental units, two 
supplementary units were also included, namely, plane angle 
or angle (unit radian abbreviated as rad) and solid angle (unit 
stredian abbreviated str). SI units since 1978 are observed 
throughout the world. 


Practical Units 


Apart from fundamental units, supplementary units and 
derived units, we come across some practical units like light 
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year, horse power, energy unit (lunit = 3.6 x 10°J), Curie 
(Ci), Ratherford (R) etc. 


While writing a unit, the following convention is 
adopted: 


(a) Unit named after a person starts with a capital 
letter. For example, Newton is written as N, Curie 
as Ci and Rutherford as R. 

(b) Fundamental units are written with small 
letters, for example, metre as m and kilogram 
as kg. 

(c) The symbols are not expressed in plural form. 
For example, 50 metres will be written as 
50 m. 

(d) Punctuation mark such as fullstop are not used 
after the symbol of unit. For example, 1 Millilitre 
= | ml or 1 cc (not m.l. or c.c.) 


Standards of Length 


The most common unit is metre (m), Foot is also used 
sometimes. In 1889, the standard metre was defined as the 
distance between two fixed marks engraved on a platinum- 
iridium bar preserved at constant temperature of 73.16 K 
and constant pressure of 1 bar in the international bureau 
of weights and measures at Serves near Paris in France. All 
other meters are calibrated with it to an accuracy of 0.1ppm. 


In 1960, the standard metre was defined in terms of 
wavelength of Kr-86 and is called atomic standard of length. 
1 m is the distance covered by 1650763.73 wavelength of 
orange red light of Kr-86 in vacuum. An accuracy 1:10? parts 
can be obtained with it. 


In 1983, metre was defined as the length of path 


travelled by light in vacuum in ——_—_ th second. 
299,792,458 


Some other important units of length are 

1A = 10" m, 1x-ray unit (1 X U) = 10-3 m 

1 yard = 3 foot = 0.9144 m, 1" (inch) = 2.54 cm 
1 astronomical unit (1 AU) = 1.49 x 10"! m, 

1 light year (1 ly) = 9.46 x 10'°m, 

1 Parsec (1 pc) = 3.08 x 10'©m = 3.26 ly 


Standard of Mass 


Originally, 1 kg mass was defined as the mass of llitre 
(10° cc) of water at 4°C, nowadays standard kg is the mass 
of platinum-iridium cylinder stored in a special vault in the 
International Bureau of Standards at Serves (France). The 
accuracy of this standard is 1 in 10° parts. 


To measure atomic masses, the unit amu (or u) is used. 


lu=—th of mass of oC atom 
1 


1 P pe 
or lu =—x| ———~—_ lke =1.67x10 7 k 
12 r] : i 
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In FPS system pound (lb) is the unit of mass, sometimes 
slug is also used. 


1 1b = 0.453592737 kg, 1 slug = 32.2 lb = 14.59 kg. 


Note: In astrophysics, we sometimes come across 
Chandrashekhar limit. 1 Chandrashekhar limit = 1.4 times 
mass of the sun = 2.8 x 10°°kg. Chandrashekhar showed that 
if the mass of an object becomes 1.4 times the mass of the 
sun, under gravitational collapse it turns out to be white dwarf. 


standards of Time 
Initially, it was defined on the basis of solar or lunar motion. 
l year 
365.25 days 
l year 


~ 365.25x24x60x 60 


But because of tidal friction, the length of a day is 
increasing at a rate of 7 us per year. Therefore, in 1965 the 
atomic standard was defined. According to this standard, 
ls is the interval of 91192631770 vibrations of radiation 
corresponding to the transition between two specific 
hyperfine levels in '°Cs (cesium) clock which will go wrong 
by 1s in 3000 years. Hydrogen maser promises a producing 
error of 1s in 33,000,000 years. 


Note that (i) time can never flow back, 1.e., negative 
time does not exist and (ii) at a given instant of time, a particle 
cannot be present in more than one position in space. 


1 mean solar day = 


and Is 


Table 1.2 describes prefixes used for multiple and 
submultiples of metric quantities. 


Dimensions and Dimensional Formulae 


All physical quantities can be expressed in terms of 
seven fundamental quantities. The powers to which these 
fundamental physical quantities be raised are termed as 
dimensions. For example, force = MLT~, i.e., force has 
dimensions of mass, length and time as 1, 1 and —2 and 
[MLT~] is the dimensional formula for force. Dimensional 
formulae for work, torque and resistance are [M’LT~], 
[ML?T?] and [ML?T°A~’] respectively. 


Table 1.2 Prefixes Used Before Units 


atto a 10-8 deca daorD ld 
femto f 10° hecto h 10? 
pico p 10°? kilo k 10° 
nano n 10° mega M 10° 
micro m 10° Giga G 10° 
milli m 10° terra T 10”? 
centi c 107 peta p 10" 
deci d 107! exa E 10" 


Applications of Dimensional Formulae 


(a) To check the correctness of a given physical 
relation. Itis based on the principle of homogeneity, that 


75] 


is, the dimensions on two sides be same for a given relation. 
For example, 

F=6mrv 

dimensions of LHS F = MLT? 

RHS 6mmrv = [MLT] [L][LT"] = MLT? 

LHS and RHS have identical dimensions; therefore, 
the relation is dimensionally correct. 


If the dimensions on two sides differ, the relation is 
incorrect. 


(b) To derive a relation. We illustrate with an example. 
The amount of liquid flowing per second through a tube of 
radius r depends upon radius r of the tube, coefficient of 
viscosity and pressure gradient. Derive the expression. 


where is a dimensionless constant. 

Then [M LT] = [MLIT]. [L]? [ML?T?]|* = Met 
[ath 2eJ-4-2e 

Comparing powers of M, L and T on both sides 


O=a+tc 
3 =—a + b -2c 
—|=-¢g— Jc 


Solving, we geta=-1,b=4,c=1 


4 p 
dV T 
Thus — = k — 
dt n 
The value of k is determined experimentally. 
i Oe mr’ P i 
ence, di mi T/S 


(c) To convert the value ofa physical quantity from 
one system ofunitsto anothersystem ofunits. We 
illustrate with an example. 


Let us convert 1J (SI) to erg (CGS) system energy E= ML?T * 
M ae 
mer (eel | ax E 
My IL} Lh 
3 ITT. 
=] Peel |e =10’erg. 
l l l 


Limitations of Dimensional Analysis 
1. Dimensional analysis cannot be applied to derive 
a relation involving sum of products or product 
of sums from a relation like s=ut+ tat’. It 
can derive a relation of a single product term. If 
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S=ut+ tat’ is to be derived using dimensional 
analysis then s = ut ands =1at* will be derived 
separately and then added from your knowledge. 


2. Dimensional analysis cannot be applied to derive 
a relation involving more than three unknowns. 
However, we can join two variables to make one, 
for example, we used pressure gradient (+) and 


not p and / separately. Note that we can check the 
correctness of a relation involving any number of 
variables or terms. 


3. If two quantities have same dimensions then such 
a relation involving these quantities cannot be 
derived. However, we can check the correctness of 
the relation. 


4. Numerical constants, trignometric ratios and other 
dimensionless ratio cannot be derived. 


5. For a given dimension, physical quantity is not 
unique. For example, Torque and energy have the 
same dimensional formula [ML?T~’]. 


Significant Figures 


These give the accuracy with which a physical quantity is 
expressed. The number of digits which are known reliably 
or about which we have confidence in measurement, plus 
the first digit that is uncertain, are termed as significant 
figures. For instance, length of a table is 137.2 cm. This has 
4 significant figures and 2 (after decimal) is uncertain. It 1s 
worth mentioning that significant figure of a physical quantity 
depends upon the least count of the instrument with which 
it is being measured. 


Rules for Determining Significant Figures 


1. Allthe non-zero digits are significant, for example, 
187.25 has 5 significant digits. 


2. All the zeros occurring between two non-zero 
digits are significant. For instance, 105.003 has 
6 significant digits. 


3. The zeros occurring between the decimal point 
and the non-zero digits are not significant provided 
integral part is zero, i.e, in 0.0023 there are only two 
significant point figures. 


4. All zeros to the right of a non-zero digit in number 
written without decimal are not significant. For 
example, 32500 has only 3 significant figures. 


Exception This rule does not work when we 
record the values on actual measurement basis. For 
example, distance between two places is 121m has 
4 significant digits. 


5. All zeros occurring to the right of non-zero digit 
in a number written with a decimal point are 
significant. For example, 2.3200 has 5 significant 
figures. 
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Note: The number of significant figures does not vary with 
the choice of units. For example, length of a rod is 76 cm. 
If we the represent it as 0.76 m or 0.00076 km significant 
figures remain 2. 


In exponent form, exponent figure does not contribute 
to significant figure. Thus, 7.24 x 10’has only 3 significant 
digits. 


Rules for Rounding off 


1. Ifthe digit to be dropped is less than 5, the preceding 
digit be kept unchanged. For example, 3.92 may be 
expressed 3.9. 


2. If the digit to be dropped is greater than 5, the 
preceding digit be increased by 1. For example, 
5.87 be rounded off as 5.9. 


3. If the digit to be dropped is 5 followed by digits 
other than zero, then the preceding digit be increased 
by 1. For example, 14.454 be rounded off as 14.5 
to the first decimal place. 


Resolution, Accuracy and Precision of an 
Instrument 


Resolution Stands for least count or the minimum reading 
which an instrument can read. 


Accuracy An instrument is said to be accurate if the 
physical quantity measured by it resembles very closely its 
true value. 


Precision An instrument is said to have high degree 
of precision if the measured value remains unchanged, 
howsoever, large number of times it may have been 
repeated. 


Errors in Measurement Deviation between measured 
and actual (or mean) value of a physical quantity is called 
error. For example, if a „ is measured value of a physical 
quantity and its true value is a, then error = Aa =Ja,, — a, 


Errors may be divided into two types: systematic and random 
errors. 


Systematic Error 


Errors arising due to the system of measurement or the errors 
made due to parts involved in the system of measurement 
are called systematic errors. Since the system involves 
instrument, observer and environment, systematic error is 
of three types, namely, instrumentation error, personal error 
(error made by observer due to carelessness or eye defect) 
and environmental error. Instrumental error equal to least 
count of instrument is unavoidable and hence is always 
accounted for. 


Random Error (or Statistic al Error) 


The error which creeps in due to a large number of events 
or large quantity termed as random error. Consider an 
example. The probability of tossing a coin is 1/2. If we toss 
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a coin 1000 times or 1000 coins are tossed simultaneously 
then we will hardly ever get 500 heads and 500 tails. Thus 
we find even random errors cannot be removed. 


Methods to Express Error 
(a) Absolute error The deviation of true value from 


measured value or deviation of the value from its mean value 
(of all observations) is called absolute error. 

Thus Ax, 
component of the observation. 


= |x, = ae where x is mean value and x, is the ith 


Ax Ax 
(b) Relative error — or — i.e., ratio of mean absolute 
x 


m 


error to the true value is called relative error. 


(c) Percentage error equals to relative error x100 


eg 100 


X 
Propagation or Combination of Errors 


1. When x= a + b maximum possible % error = 2 x 


X 
ooa e a00 


2. When x= a- b maximum possible % error 
x —b 


3. When x= ab or x= a/b maximum possible % error 
-Ê 100- (52), x100 
x b 


nı m 


a l l 
4. When x=—— maximum possible% error 


— ÂX 100 = nda , mAb , PAY, kAz <100 
x a bo y Wy 


Least count of vernier callipers also called vernier 
constant (VC) 


VC = (IMSD - 1VSD) (value of IMSD). If n VSD 
-(1- n—-l 
n 


Least Count of Screw Gauge or Sherometer 


coincide with (n — 1) MSD then VC 
IMSD) 


l (value of 


pitch 
number of divisions on circular scale 


and 


itch number of divisions moved on linear scale 
piten = — 
number of rotations given 


Vector Directed segments (physical quantities having 
magnitude and direction) and which follow triangle law of 
addition are called vectors. For example force, acceleration, 
torque, momentum, angular momentum etc. 
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Properties of Vectors In addition to magnitude and 
unit (a) it has specified direction, (b) it obeys triangle law of 


addition, (c) their addition is commutative i.e. A +B=B+A 


(d) Their addition is associative (A + B) +C =At+ (B + C) 


Representation of Vectors Vectors may be represented 
in two forms: polar and cartesian. 


Polar Form In this form QA = (r, 0) where ris magnitude 
and @ is angle as shown in Fig. 1.1 


A 
K 
O 


Fig. 1.1 Polar representation of a vector 


Cartesian Form In this form A= a ita, j+a; k where 
a a, anda, are coefficients and i, i, k are unit Vectors 
Kons x,yand z directions, respectively, as illustrated in 


Fig. 1.2. 


Fig. 1.2 Unit vector representation in rectangular 
coordinate system 


Typesof Vector 
three types: 


In general, vectors may be divided into 


1. Proper Vectors 
2. Axial Vectors 
3. Inertial or Pseudo Vectors. 


Proper Vectors 
are Proper Vectors. 


Displacement, force, momentum etc., 
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Axial Vectors The vectors which act along axis of 
rotation are called axial vectors. For example, angular 
velocity, torque, angular momentum, angular acceleration 
are axial vectors. 


Pseudo or Inertial Vectors The vectors used to make 
a non inertial frame of reference into inertial frame of 
reference are called pseudo or inertial. Vectors may further be 
subdivided as: 


(i) Null Vector It has zero magnitude and 


indeterminate direction. 


(ii) Unit Vector Magnitude of unit vector is 1. It 
specifies direction only. Unit vector of a given 


ee R : ; 
vector is a = jal i.e., vector divided by its magnitude 


represents unit vector. 


(iii) Like Vectoror Parallel Vectors Iftwo vectors 
have the same direction but different magnitude then 
they are said to be parallel or like vectors. Fig. 1.3 (a) 
shows like vectors. 


A 
—  _ 
$$ 
B 
Fig. 1.3 (a) Like vectors 


(iv) Unlike Vectors Two vectors having opposite 
directions and unequal magnitudes are called unlike 
vectors or parallel vectors in opposite sense. If 
their magnitudes are equal, they are called opposite 
vectors. Fig. 1.3 (b) shows unlike vectors. 


— 


| A 
2 — c l 
4— c lM — 
B 
Fig. 1.3 (b) Unlike vectors 


(v) Equal Vectors Two parallel vectors having 
equal magnitudes are called equal vectors. 


(vi) Co-initial Vectors If vectors have a common 
initial point, they are known as co-initial vectors. 


In Fig. 1.4, OA OB andOC are co-initial vectors. 


O 


Fig. 1.4 Co-initial vectors 
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(vii) Co-linear Vectors Like, unlike, equal, 
opposite vectors may be grouped as co-linear 
vectors if they are either in the same line or parallel. 


(viii) Co-planar Vectors Vectors lying in the same 
plane are termed as co-planar. 


Resolution of a Vector Resolving a vector into its 
components is called resolution of a vector. Using triangle 


law one can write in Fig. 1.5 A= A, +A, or A= A i+A, j 
or A= Acosĝi+Asinðj 


A| = J8, +A’, and 


A, A, 
tan =— or ĝ = tan | — 
A A 


x 


x 


A, = Acos0 
Fig. 1.5 Resolution of a vector 


Laws of additions of vectors Vectors can be added 
using 

(a) Triangle Law 

(b) Parallelogram Law 

(c) Polygon Law 


Triangle Law If two vectors acting on a body may be 
represented completely (in magnitude and direction) by 
two sides of a triangle taken in order, then their resultant is 
represented by third side of the triangle taken in opposite 


directions. In the fig. 1.6 (a) OP + PQ = 0Q or A+B=R 


O 


A 
(a) 
Fig. 1.6 Triangle law illustration 


If three vectors acting on a body may completely be repesented 
by three sides of a triangle taken in order then the system is 
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in equilibrium. In Fig. 1.6 (b) OP + PQ +QR = A+B +(-R) 
or R-R=0 

Parallelogram Law If two vectors acting on a body 
may be represented completely by two adjacent sides of 


a parallelogram, then their resultant is represented by a 
diagonal passing through the common point. In Fig. 1.7, from 


equal vector PL = OO — B from A law A+B=R 


Q L 


F P 


Fig. 1.7 Parallelogram law of vector illustration 


R| =4 A? + B? +2ABsin0 
"T TE Bsin 
A+Bcos@ 
Note: A—B<R<A+Biee., R „„ =4-— B when 0 = 180° 


and R „„=4 +B when 0=0°0<08< 180°. Remember 
0 cannot exceed 180°. 


Note: Minimum number of coplanar vectors whose sum can 
be zero (or required for equilibrium) 


= 2 (if vectors are equal and opposite) 


= 3 if vectors are unequal or not opposite, minimum 
number of noncoplanar vectors whose sum can be zero = 4 


Note: Subtraction of a vector is equivalent to addition of a 
negative vector. 


Multiplication of Vectors Two types of multiplication 
is defined (a) dot product or scalar product, (b) Cross product 
or vector product. 


Dot product or Scalar Product 
vectors is a scalar, then this rule is applied A.B = ABcos@ 


If the product of two 


Note: AB=B.A l.e., scalar product is commutative 
A(B+C) -~AB+A.C, i.e., scalar product follows 
distributive law. 
Rules (i) ii = j.j=kk=1 
(ii) ij= jis jk=kj=ik=ki=0 
Application of Dot Product 
1. When the product of two vectors is a scalar. For 
example, W= Fs ,P = F.v current I = Í j.ds : 
magnetic flux > = f Bas etc. 


2. To find an angle between two vectors 0 = cos” 
A.B 


[Al|B 
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3. Ifthe dot product of two non zero vectors is zero, 
then they are perpendicular to one another. 


4. Find the component of a vector along a given 
direction. For instance, the component of A along 


> = 


= A.B 
B is Acos@ = —— 
B 


CrossproductorVectorproduct This product is used 
when the product of two vectors is a vector, i.e., 

Ax B= ABsin@ n where nis a unit vector 
perpendicular to both A and B. Apply right-handed screw 
rule to find the direction ofn or A x B . Vector product is 


noncommutative i.e, A x B + Bx A (magnitude will 
be equal but direction will be opposite). Vector product is 


distributive, i.e., Ax (B + C) ~AxB+AxC 


Application of Vector Product 


l. Cross productis used in rotational motion or product 
of two vectors is a vector. For example, Torque 


> AA e = = tre a 
T= r X F,Poynting vector P= Ex H = — (Ex B), 
Ho 
Angular momentum L =F x p, V = @xr, 
F=q (x x B ) 
2. Ifthe vector product of two non-zero vectors is zero, 
then they are parallel. 


3. Itcan be used to find angle 8. 
_flaxe 
8 = sin | _—_—* 
lla 
4. [Ax B| represents area of a parallelogram whose 


he = 
sides are A and B. 5p x D, represents area of a 


parallelogram where D, and D, are diagonals of the 
parallelogram. 


Since D, = A+B and D, = A-B 
ligt =<. fe S 
Area of a Ilgm = = A+B)x A-B) 
gm = |(4+8)x(4-8) 


Fig. 1.8 
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lis = 
a: z| x B| represents area of a triangle when A and 


B are two sides of the triangle. 


Relative Velocity Since absolute rest or absolute motion 
do not exist, therefore, every motion is a relative motion. 
Though, for convenience, we assume earth at rest and in 
common language measure the speed or velocity with 
respect to ground. But if two bodies A and B are moving with 
velocities V, and V, then relative velocity of A with respect 
B may be thought of velocity of A by bringing B to rest by 
applying equal and opposite velocity of B. Alternatively, 
Vector law may be applied from Fig. 1.9 


— — — — 


Vic = AB + Vig: or Vas = Vac — Vgc or 


Ve 


Va 


Fig. 1.9 Relative velocity illustration 
The best way to solve the questions on relative velocity is 
to resolve it into x and y components, thus 
Vas = Vat Vas J) — Vat t Ve, J) 


= (Va -Varli + (Va -Va ) J 


Then |V| = (Vic Vac) +(Vav Vs) and 


Vay = Vy , s Soe s 
tanf = ——,__ with respect to x-axis or i direction 
Vig m Vax 
Vax E Vix . A 
tan 8'= ~ 7 with respect to y-axis or J direction. 
Va 7 Vey 


Short Cuts and Points to Note 


1. Remember all possible formulae connecting the 
physical quantity and see whose dimensions are 
known to you. Use that formula, for example, 


A 2 
C-A g- P-S 
d V 2C 
2 2 
if you use C = aa =M"'L’T*A’ then 
E MLT” 


the dimension of C is easily calculated. 
2. Remember all the rules to find significant digits. 
3. Remember the least count of instrument, sometimes 
it is not given in problem; remember the rules to 
find the propagation of error and its calculation. 


Ax Aa+Ab 
(a) If x=a + b then — =——— 
he a+b 


10. 
I 


2 


13. 
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Ax Aa—Ab 
(b) Ifx=a—bthen — = 
x a—b 


Ax Aa Ab 
(c) If x= ab or x = alb then Fa > a x100 


(d) If x= 


PaK 
y 


Z)? 
a Ax : = rn mAb n p^z n Ar) 
x a b z y 


Absolute error Ax = ee + suey + A i) 
a b Z y 


or in general Ax = x (relative error) 


. Note that as we find maximum possible error, due 


to each variable is added. 


. Dimensional analysis always works to check the 


correctness of arelation dimensionally. In other cases, 
it has its limitations. 


. If in a vernier callipers n VSD coincide with 


(n— 1) MSD then vernier constant or its least count 
isVC = i "a 
MSD). 


i 
| (value of IMSD) or = (value of 


n 


» Least count of screw gauge or spherometer 


pitch 


= Sao 7 and 
number of divisions on circular scale 


tch number of divisions moved on linear scale 
PIEGI S E ee 
number of rotations given 


= Linear distance moved in one rotation. 


. Random error = yn where n = number of events 


or n = number of quantities. > 
l . l R 
Radius of curvature using spherometer R = T + 7 


Laws of Addition are Triangle law, Parallelogram 
law, Polygon law. 


Resultant |R| = A’ +B’ +2ABcos@ 


Asin@ 
B+Acos@ 


tan B = (see in the figure carefully). 


Parallelogram law 


Vector subtraction is identical to vector addition, 
i.e., A-B=A+(-B) change 0 to 180 — @. in 
equation of resultant. 


The vectors are represented inj , jJform then 
Resultant R is given by 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


R=(A,i+A,7)+(B,i+B, 7) 


= (A,+B,)i+(A, +B,)j 


IRI = (A, +B.) +(A, +B y and 


A, +B 


tan 2 = ———— w.r.t xor j direction and 
A +B 


x x 


tan p’ = a: w.r.t yor j direction. 
y y 
R „=^ +B when 0 = 0, R_,, = A— B when 0 = 
180°. 
Remember 0 < @ < 180° 


If the system is in equilibrium, Lami’s theorem may 
F. 


2 


F 
be applied. In the fi — =- = ——— 
S appicd. N 1e BEWE cina sinf siny 


3 


Lamis Theorem 


Equilibrium may be static or dynamic. However, in 
both cases X F = 0 Linear equilibrium if X F =0. 
Rotational Equilibrium YE A, Y r zø 
Equilibrium is stable if XF J 0,7 -0 and 
PE is minimum. Unstable equilibrium means 
` F= 0,> r =0 and PE is maximum. Neutral 
equilibrium means XF = r =0 and PE is 
constant but not zero. 


The best approach is to resolve the vectors into x 
and y components and then solve. 

Use vr =va + ve if resultant or net velocity is to be 
found. 


Use vag = va — vz if relative velocity is to be found. 


Magnitude of a vectors V =a,i+a, j+a,k 


v| = Va, +a, +a? 
If two non zero vectors are perpendicular, their dot 
product is zero. 


If two vectors A and B are parallel, then A =kB 
where k is a positive or negative real number. 


Moreover ÁA x B =0 


73) 


21. To find A and B use determinant method i.e., 


A 


™.> 


F j 
A*B ja, a, a, 
b, b, b, 


A=a,ita,j+a,k,B=b,i+b, j+b,k 
AxB = (a,b, -b,a )i — ĵ(a,b,-b,a,) + 
k 


22. A.(A x B)=B.(A x B)=0 

23. A(BxC)=(A.C) B -(A.B)C 

24. Vector division is not allowed. 

25. Vector operator V (nabla).is used to define 


v= 
Ox ` yaz 


(a) VV represents electric field 1.e., 


Ox J Oy OZ 
(b) V. E will give divergence of E 


(c) V x E will represent curl of E 

~ A 

26. Unit vector of a vector is a = jaj 

27. To cross a river along the shortest path, the 
swimmer/boat shall head at an obtuse angle to the 
flow of river provided V >V 


28. To cross the river in the shortest time, the swimmer/ 
boat shall head at right angle to the flow of river 
provided V. >V 


swimmer river” 


29. If V. >V_, them to reach opposite end in 


river swimmer 


minimum time the swimmer shall swim at an obtuse 
angle. 


Caution 


1. Not recalling the relation whose other dimensions 
are known in order to find the dimensional formula 
of a given physical quantity. 


=> Assume we have to find dimensions of resistance 
: V ae 
we write R = 7 . To write dimensions of R we need 


to know dimensions of V. If we use power P = PR 


jm 

or R= = = a then R = [ML’T A- can be 
I’ A’ 

written very easily. 


Even to find V using V = JR is not a good method. 
Rather, use gV = energy E. Then 


E MLT” 
V or 
q 


= MPT” A" 
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10. 


Not remembering rules to find significant figures. 


Must remember these rules with exceptions given 
in text. 


a 
Assuming that in x = a — b or x = b while finding 


error, the error part of b should be subtracted from 
error part of a. 


Since we always list maximum possible error, 
therefore, errors of each part must be added. 


Assuming only scalars and vectors to be physical 
quantities. 


Physical quantities are even constants or ratios like 
refractive index, specific gravity etc. Phasors which 
have amplitude and phase and follow triangle law 
of addition—SHM, waves, AC potential and current 
etc. are phasors. Moment of inertia, strain, stress, 
refractive index of anisotropic medium are tensors. 


Assuming error is made by observer only due to 
his/her carelessness. 


This type of error is personal error. Instrumental 
and environmental errors also occur. Random or 
statistical errors are also present. 


Assuming accuracy or precision of an instrument 
to be synonyms. 


Accuracy means the measured quantity by an 
instrument is very close to true value of the physical 
quantity. The more close the measured quantity to 
true value, the more accurate the instrument is. 


If we repeat the measurement large number of 
times and each time we get the same reading then 
instrument is said to possess a high degree of 
precision. 


Considering null vector has a specified direction. 
Null vector has no specified direction. 


Trying some other tools to prove two vectors are 
perpendicular. 


For vectors most convenient method to prove two 
vectors perpendicular is A.B = 0 


Not recognizing when relative velocity is to be found 
and when resultant velocity is to be determined. 


If the word appear or with respect to has been used 
in problem, then find relative velocity. 


If the word actual or net or real or resultant is used 
in problem, then find resultant velocity. 


Not remembering vector laws of addition or not 
understanding its full meaning. 


Parallelogram law or triangle law of addition leads 
to 


|A+B - R| = JA? + B? +2ABcos0 


11. 


12. 


13 


14. 


Physicsand Measurement | 


Asin @ 
tan 2 = —————_ 
B+Acos@ 


R =A+Bif0=0 


R_,=A-Bif 0=180° 


A-B| — A? + B? -2ABcos@ 


hssumine |i +B} or ia =-[ 
This will be true only if vectors are like vectors/ 


parallel vectors. Otherwise apply triangle law. 


Not resolving vectors (when vectors are more than 
two) and solving problem by conventional method. 


Though problem can be solved using triangle law 
or parallelogram law but they make the problem 
unnecessarily lengthy and time consuming. 


Not able to recognise direction in i, j form. 


If j is not vertical but on the earth’s plane then right 
hand side is East (represented by i ); Left hand side 
is West (marked j ); front of you is North (marked 


j ); your back represents South ( j ) as illustrated 
in the figure. 


k represents vertically up and (k ) vertically down. 
Consider a specific problem: 


V, =3i—4j lies in the 4th quadrant. 
then tan J = Å or 53° South of East. 
It may also be written tan 2’ = or 37° East of South. 


Not recognizing the axes (in specific cases) about 
which the vectors be resolved. 
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= If vectors are resolved about some specific axes 


in typical cases, problem becomes very simple. 
Recognition of such questions and axes is necessary. 


PRACTICE EXERCISE 1 
(SOLVED) 


Vernier scale of Vernier callipers has 50 divisions which 
coincide with 49 main scale divisions. Find the Vernier 
constant. Given: there are 20 main scale divisions cm”. 
(a) 100 um (b) 1000 um 

(c) 10 um (d) none of these 


The legs of a spherometer are 5 cm apart. There are 10 
division cm"! on linear scale and circular scale has 100 
divisions. The height h of a convex mirror measured 
is 2 MSD + 37 circular scale divisions. Find radius of 
curvature of convex mirror. 

(a) 20.003 cm (b) 18.408 cm 

(c) 17.399 cm (d) 17.983 cm 


A student measured the length of a pendulum 1.351 m 
and time for 30 vibrations is 2 minutes 10 sec using his 
wrist watch. Find the per cent error in g committed. 
(a) 1.72% (b) 1.813% 

(c) 1.63% (d) 1.513% 


—br 


If force F = Ke varies with distance r. Then write 


the dimensions of K and b. 

What is the order of hair on your head? 

(a) 10° (b) 107 

(c) 108 (d) 10° 

What is the dimensional formula for resistivity? How 
does resistivity of Ge varies with temperature? 


a"b™ 


Given X = .The per cent error in measurement 


p 
of a, b and p is 1%, 0.5% and 0.75% respectively. If 
n=2,m =2 and r = 4 then percent error in x is 


13. 


10. 


10. 


11. 


12: 
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Finding angle between vectors to prove vectors are 
parallel. 


If A=kB where k is a positive or negative 


number (integer or fraction) then A an B are 
parallel. 


Assuming when a particle takes a u turn or 90° turn 
and continues to move with the same speed then AV 
(change in velocity) or average acceleration are 
ZETO. 


Use vectors, i.e., write7, j, k etc. with initial and 
final velocities to find change in velocity or average 
acceleration. 


(a) 0 
(c) 5.25% 


(b) 6% 
(d) 0.75% 


In asystem of units if force F, acceleration A and time 
T are taken as fundamental units, then the dimensional 
formula of energy is 
(a) FA’T 
(c) F°AT 


(b) FAT? 

(d) FAT 

In a quartz oscillator L, C and R are analog of 
(a) compliance, mass, viscous damping 

(b) mass, viscous damping, compliance 

(c) mass, compliance, viscous damping 


(d) 
Choose the correct statement. 


(a) 1 second = 10° shakes 

(b) 1 year has less number of seconds than number of 
shakes in a second 

(c) 1 year has more seconds than number of shakes in 

a second 

Acentury has more minutes than number of shakes 

in a second. 


viscous damping, compliance, mass 


(d) 


The dimensions ML"'T”? may correspond to 
(a) work (b) linear momentum 
(c) pressure (d) energy density 


Choose incorrect statement/s. 

(a) A dimensionally correct equation may be correct 

(b) Adimensionally correct equation may be incorrect 

(c) Adimensionally incorrect equation may be correct 

(d) A dimensionally incorrect equation may be 
incorrect 
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13. 


14. 


15. 


16. 


17. 


18. 


A unitless quantity 

(a) never has non-zero dimensions 
(b) always has non-zero dimensions 
(c) may have a non-zero dimension 
(d) does not exist. 


Two particles are originally placed at P and Q distant 
d apart. At zero instant, they start moving such that 
velocity v of P is aimed towards Q and velocity u of Q 
is perpendicular to v. The two projectiles meet at time 


T= 
re 
d 
| PA. 
oF 
_ 2 d’? 
o (v a E ee 
vd v 
E a (4) “2 
(a) 


A particle is moving in a circle of radius R in such a 
way that at any instant the a, and a, are equal. If the 
speed at t = 0 is v, the time taken to complete the first 


revolution is 
R 2 

a) __ b) v.R 

a y (b) v, 
R R 

OS (d) —(1-e7”) 
0 


0 


A boat which has a speed of 5 kmh" in still waters 
crosses ariver of width 1 km along the shortest possible 
path in 15 minutes. The speed of the river in kmh" is 


(a) 1 (b) 3 

(c) 4 (d) v41 

A particle is moving in a plane with velocity given by 
Vv = ių +j aw cosøt if the particle is at origin at 


t = 0. Distance from origin at time 3z/2@ is 


(a) Ja? +(3mu,/20) b) Ja? + (22u10) 


2 2 
(c) (=) +a (d) la? {= 
Ww 3w 
Mass A is released from the top of a frictionless inclined 
plane 18 m long and reaches the bottom 3 s later. At the 
instant when A is released, a second mass B is projected 


upwards along the plate from the bottom with a certain 
initial velocity. 


19. 


20. 


2l; 


ZL, 


23: 


24. 
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Mass B travels a distance up the plane, stops and returns 
to the bottom so that it arrives simultaneously with A. 
The two masses do not collide. Initial velocity of A is 
(a) 4 ms! (b) 5 ms“! 
(c) 6 ms“! (d) 7 ms“! 


A particle is moving eastward with a velocity of 5 ms“. 
If in 10 s the velocity changes by 5 ms“! northwards, 
what is the average acceleration in this time? 
1 
(a) — ms- NW (b) 
V2 


(c) /2 ms NW 


J ms“! EN 
2 
(d) 2/2 ms” NW 


The driver of a truck travelling with a velocity v 

suddenly. notices a brick wall in front of him at a 

distance d. To avoid crashing into the wall 

(a) he should apply brakes 

(b) he should take a circular turn without applying 
brakes 

(c) both (a) and (b) alternately 

(d) data is insufficient 


Two cars are moving. A along east with 10 ms”. At any 
instant it is 1500 m away from the crossing. B at the 
same instant is 1800 m away from the crossing and is 
moving towards the crossing with 15 ms’. When do 
they come closest? 
(a) 109.3 s 

(c) 119.3 s 


(b) 129.2 s 
(d) 99.3 s 


The length of seconds hand in a watch is 1 cm. The 
change in velocity of its tip in 15 seconds is 


m -1 
(b) z | cms 
(d) m2 cms! 


15 


(a) zero 


4i -1 
(c) (z) cms 


Given that P is a point on a wheel rolling on a horizontal 
ground. The radius of the wheel is R. Initially, if the 
point P is in contact with the ground the wheel rolls 
through half the revolution. What is the displacement 
of point P? 


(a) RVa’ +1 


(c) zR 


(b) Rym? +4 
(d) 2nR 


The unit of power is 
(a) kilowatt 
(c) dyne 


(b) kilowatt-hour 
(d) joule 
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26. 


27. 


28. 


29. 


30. 


31. 


32, 


33. 


[MLT™"] are the dimensions of 
(a) power (b) momentum 
(c) force (d) couple 


The velocity v (in cm/s) of a particle is given in terms 


. The 


, ; b 
of time t (in s) by the equation v = at + 
t+c 


dimensions of a, b and c are 


a b c 
(a) L? T LT? 
(bì IT? LT L 
(c) ILT? L T 
(d) L LT T? 
The dimensional formula of force is 
(a) | ML? | (b) | MLT” | 
(c) [MLT" | (a) [LT | 


The dimensional formula for gravitational constant is 
(a) [M" L’ T7] (b) [M° LT] 
(c) [M'L?T?] (d) [M’*L°T"] 


The radius of a ball is (2.5 +0.2) cm. The percentage 
error in the volume of the ball is 

(a) 11% (b) 24% 

(c) 7% (d) 9% 


C 
If B= Jo , where B, C and D are physical quantities. 
Then the correct statement is 
(a) B may be a dimensional physical quantity 
(b) C must be a dimensionless physical quantity 
(c) B must be a dimensionless physical quantity 
(d) Band D both have same dimension. 


Pressure P varies as P= B z| where Z 
p 30 
denotes distance, K 8 Boltzman’s constant, @ absolute 
temperature and a, f are constants, Derive the 
dimensions of £ 
(a) M`LT” 
(c) M°LT? 


(b) M°LT* 
(d) M?’ C'T? 


Given that the time period T of oscillation of a gas 
bubble from an explosion under water depends upon 
P, d and E where P is the pressure, d the density of 
water and E is the total energy of explosion, find 
dimensionally a relation for T. 

(a) T= kpd!” E!” (b) T= kp? d'\? E!” 

(c) T= kpd? E!’ (d) T= kpd!” E!” 


A gas bubble from an explosion under water, oscillates 
with a period T proportional to p° d? E° where p is the 
static pressure, d is the density of water and E is the 


total energy of explosion. Find the values of c. 
1 
(a) c= 3 (b) c=3 


(c) c=2 (d) c=1 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 
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In Searle’s experiment, which is used to find Young’s 
Modulus of elasticity, the diameter of experimental 
wire is D = 0.05 cm (0.001cm) and length is L = 
110 cm (0.1 cm). A weight of 50 N causes an extension 
of X = 0.125 cm (0.001 cm). Find maximum possible 
error in the values of Young’s modulus. Screw gauge 
and meter scale are free from error. 


(a) 11% (b) 24 % 

(c) 7% (d) 4.89 % 

Two vectors A and B are such that A + BI=| A — 
B |. The angle between A and B is 

(a) 0° (b) 90° 

(c) 60° (d) 180° 


Two forces, each of magnitude F have a resultant of the 
same magnitude F. The angle between the two forces 
is 

(a) 45° 
(c) 150° 


(b) 120° 

(d) 60° 

If AxB =0sand A.B =-—AB, then angle between A 
and B is 
(a) zero 
(c) 2/2 


(b) 2/4 
(d) z 


A magnitude of the sum of the two vectors is equal to 
the difference of their magnitudes. What is the angle 
between the vectors? 


(a) 0° (b) 45° 
(c) 90° (d) 180° 
The angle between vectors A = 2f + j-kandB =} — Å is 
T T 
a) — b) — 
(a) 5 (b) 3 
T T 
e = d) — 
(c) 5 (d) A 


A unit vector perpendicular to both A=2i+ 3j + k and 
B=i-kis 


(d) none of these 


The dimensional formula of angular velocity is 


(a) M°L°T"! (b) MLT“! 

(c) M°L°T! (d) M! L! T”? 

The dimensional formula for Planck’s constant (h) is 
(a) ML” T° (b) ML’T”? 

(c) ML’T"! (d) ML?T? 


Of the following quantities, which one has dimensions 
different from the remaining three? 

(a) energy per unit volume 

(b) force per unit area 

(c) product of voltage and charge per unit volume 
(d) angular momentum per unit mass 
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44. 


45. 


46. 


47. 


E, m, J and G denote energy, mass, angular momentum 
and gravitational constant respectively. Then the 
dimensions of EJ*/m°G? are 

(a) angle (b) length 

(c) mass (d) time 


The equation of state of some gases can be expressed 
as( P+) (V —b)=RT 


Here, P is the pressure, V the volume, T the absolute 
temperature, and a, b, R are constants. The dimensions 
of aare 


(a) ML°T? (b) MLT? 
(c) M°L°T° (d) M°L‘T° 
When 2.0347 is added to 15.7, the sum is 
(a) 17.7347 (b) 17.734 
(c) 17.73 (d) 17.7 


A body travels uniformly a distance of (13.8 +0.2) m 
in a time (4.8 +0.3)s. The velocity of the body within 
error limits is 


Answers to Practice Exercise 1 


(c) 2. (b) 3. (c) 4: 
(b) 9. (0) 10. (a), (b) 11 
(d) 16. (b) 17. (a) 18: 
(b) 23. (b) 24. (a) 25. 
(b) 30. (c) 31. (c) 32. 
(b) 37. (d) 38. (©) 39. 
(d) 44. (a) 45. ` (a) 46. 
(b) 
EXPLANATIONS 


(c) VC = Ly (value of 1 MSD) 


= ty! -0.001 cm 
50 20 


l 
(b) Least count = Žo =10 cm 
100 


h =2 x (0.1) + 37 (10°) = 0.237 cm 
vy h 25 
+ 


Zn a +0.118 = 18.408 cm 
6h 2 1.362 


(c) Percent error in g 


-S£ o0 = (+22) 100 
g l T 


7 í .001 
(1.351 


2x1 
2a )x100 = 0.73 + 1.54 = 1.613% 


48. 


49. 
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(b) (3.45 +0.3)ms?! 
(d) (3.45 +0.5)ms"! 


(a) (3.45 +0.2)ms"! 
(c) (3.45 +0.4)ms"! 


The length and breadth of a metal sheet are 3.124 m 
and 3.002 m respectively. The area of this sheet up to 
four correct significant figures is 

(a) 9.376 m? (b) 9.378 m? 

(c) 9.379 m? (d) 9.388 m? 


The value of universal gravitation constant G = 
6.67 x 10! N m? kg”. The value of G in units of 
g`! cm? s7 is 

(a) 6.67 x 10° 

(b) 6.67 x 107 

(c) 6.67 x 10° 

(d) 6.67 x 10° 


50. Ifenergy (E), momentum (P) and force (F) are chosen 
as fundamental units. The dimensions of mass in new 
system is 
(a) E! P? (b) E7 P- 

(co) E2 P (d) none of these 
(*) 5. (d) 6  (*) 7. (b) 
(c), (d) 12. (c) 13. (a) 14. (d) 
(c) 19. (a) 20. (a) 21. (b) 
(b) 26. (c) 27. (b) 28. (a) 
(a) 33. (a) 34. (d) 35. (b) 
(a) 40. (a) 41. (a) 42. (c) 
(d) 47. (b) 48. (b) 49. (a) 
*4. Exponential must be dimensionless. Therefore b shall 
have dimension L~! and 
K = Fr? = (MLT ”) (L> = ML°T 7 
5. (d) 10° 
RA 3m—3 —?2 . . . 
*6. p= q = MLT `A “.Since Ge is a semi-conductor, 
its resistivity falls with rise in temperature. 
dX da db dp 
2 — | n— + m— +r — |x100 
=2 x 1 + 2(0.5) + 4(0.75) = 6% 
8. (b) Energy = MLT 


= [MLT>”]" [LT *]’ [T]° 
= M° Late T ~2a-2b + 
a=l,at+b=2 


| Physicsand Measurement 


15. 


16. 


b=1, 
—2a—2b+c=-2 
andc=2 

(c) 

(a), (b) 

(c) and (d) 


(c) 

(a) 

(d) Relative velocity of P and Q is (v — u cos 0). The 
particles will meet when 


T T 
[ v-ucos6) dt = d and | veos Odt =d 
0 0 


f uT uT 
and f cos Oat = — or vl -u — = dor (v*—-u?) T = vd 
A v v 


(d) Given, a, = a, i.e., Rw* = Ra i.e., Ræ? =R Cor 
t 
d d 
ee @? or — dt 
dt © 
edw + 
1.e ; J pe = Jar 
. QO, 
ie, @=7_ | 
0 
dé Oy 
ie., — = 
dt 1-<a, 


1.€., 


1 
or (1- wT) =e or T = a (1 -—e”*) 


R 
or T= E (1—e”) 


0 
(b) Speed of boat, v, = 5 kmh" 


Speed of boat when water flows, vr = — = 4 kmh“ 


Resultant speed v = Vvb* - vr’ =45° -4° =425-16 
= 9 


17. 


18. 


12. 


Zi, 


24. 
25. 
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(a) Comparing the given equation with v = i v + j 
dy dx 
v, we get v =u, and — = aw cos wt or — = u, and 
: a dt dt ° 


d . 

== aw cos ot. Integrating x = fuat and y = | aw 
t 

cos œdt or x = u + c, and y = a sin œt + c, At t =Q, 


x= 0 and y = 0 we get c, and c, as zero .. x= ut and 
y=a sin æt but i= 32/20 “x= Uo (32/2@) and y=-a. 


Then distance from origin, d = ae +y? 


= fa’ +(32u, / 20) 


(c) Here for A, 18 =0x 3+ La x 3? or a = 4 ms” for 


B, time taken to move up is given by, tl = u/a (~. the 
relation v = u + at here becomes 0 = u — T Distance 
moved up is given by the relation 0 = u? — 2a S i.e., 


S=u7/2aS= = at? and ty = |= ort,= £= u” 
aa 


But — =p Rene pe a ora 
a 

3 tens 

2 


(a) Change in velocity, 
AV = V, + (-¥,) = (5? + 5°) 2 NW = 5/2 ms! NW 


1 
= e D 


(a) For taking a circular turn to avoid accident, the 
2 


acceleration acquired will be i Thus additional effort 
is required to meet this acceleration. 

(b) x? = (1500 — 104? + (1800 — 15+}, for x to be 
minimum, its first derivative should be zero. Thus Z 
=0 

= —20(1500 — 102) — 30(1800 — 152) 

or t= 129.23 s 


1 
(b) Av = 2v sin 8/2 = 2 x = x = 


wo 
(b) Displacement of = zR i+2R j 


Displacement of P = (xR) + (2R) = Ryn? +4 
(a) 


(b) 


b 1 
(c) v = at +— [at] = [v] = [LT] 
[+c 
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2i: 


28. 


29, 


30. 
31. 
32. 


33. 


34. 


35. 


Dimensions of c = [e] = [T] (we can add quantities of 
same disunions only). 


37. 


= M” PT 


mm, 
(b) Percentage error = Ar x100 =3~x -z x100 = 24% 
r . 


(c) Exponential function are dimensionless. 


(c) 39. 


(a) Let us write 


T = kP*d°E* and substituting dimension of all the 
quantities involved, we have 


[T] = k [ML TŻ] [ML] [ML? T >] 40. 


where k is a dimensionless constant 


Equating powers of M, L and T on both the sides, 
we get, 


a+b+c=0 


~a-—3b+2c=0 4] 


=J2@=2¢0=1 


Solving these equations, we have, 42. 


a = — 5/6, b = 1/2 and c = 1/3 
T = kp?"d'? E"? 
(a) Given that, T œ p*d’ E° 


Equating both sides dimensionally, 43. 


[T]=[ME'T>] [mr] (wer? | 
| M °DT | = Ek NeW oe l 
Equating the exponents of similar quantities 


atb+c=0>-a-—3b+2c=0 and —2a-2c=1 
Solving these for a, b and c, we get 


44. 


AY AD\ AX AL 
(d)|—| =2|/—|+—+—, 
Y Jo D) X L 


(Ar) =2{ 2001) (0.001), (21) a 
Y } 005) 0195) (Tio) 


So, maximum possible percentage error = 4.89% 


(b) Let @ be the angle between A+B. 
We have 
A? + B? + 2ABcos@ = A” + B? — 2ABcos@ 
or 4ABcos@=0 or cos#=0 > 0= 90° 


M? 38. 


46. 
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(b) Let @ be the angle between the two forces. 
We have 
F°=F°+F°+2F’ cosO or, F =2F’ [1 + cos] 


Eee eee => @=120° 


2 


(d) AxB =0if0=00rx 
But A B= AB only when 0=2z 


— 


(c) | A+ BHH ABI. This is possible only 
A.B =0 
angle is 90° 
A.B 
(a) cos 0 = —— oe. o-2 
IAIBI 92 6 
_£ i j k 
(a) A- AS AB- 3 1=4-3-5Ê, 
[Ax Bl 1-141 


l [0] M or oTe 
(a) [angular velocity] “A r = M°L°T! 
he 
(c)E= 7 
A 
toy = EA) MET OE y 
E [e] LT" 
MĽT” Pa 
(d) [energy per unit volume] = T ML T 
=2 
[force per unit area] = = =ML'T ~ 


[product of voltage and charge per unit volume] 
= ML"'T~ 
[angular momentum per unit mass] = ML? T” L. 
M- = L2T-! 
? |  (wer?)(MeT"y? 


= = M°L°T°® 
| m°G? | (M)? MITY 


, , a. , 
(a) Dimensions of > will be same as dimensions of 
pressure y 


[a] 
[L] 
[a] = ML'T® 


= MLT”? 


(d) Since the least number of places after decimal is 1, 
the final result will have same. On rounding off 17.7347 
to one place after decimal it becomes 17.7 
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47. (b) Here § = (13.840.2)em; t=(4.040.3)s 


V =— =3.45 ms 
4.0 
Also 
a7 =2(S44) = +( 32455) = 20.0895 
V S d 13.8 4.0 


AV =+0.3 (rounding off to one place of decimal) 


48. (b) Given length (1) = 3.124 m and breadth (b) = 3.002 m. 
We know that area of the sheet 
(A) =1xb =3.124 x3.002 = 9.378248 m”. 


Since both length and breadth have four significant 
figures, therefore area of the sheet after rounding off 
to four significant figures is 9.378 m? 


49. (a) G=6.67 x 10” Nm’ kg”? 
= 6.67 x 10°" x (kg ms”) x (m?) x (kg)? 


PRACTICE EXERCISE 2 
(SOLVED) 


1. Which of the following does not have the same 
dimension? 
(a) Electric flux, electric field, electric dipole moment 
(b) Pressure, stress, Young’s modulus 
(c) Electromotive force, potential difference, electric 
voltage 
(d) Heat, potential energy, work done. 


Solution (a) Electric flux = Electric field x area, dipole 
moment = charge x length. 


2. The ratio of the dimension of Planck’s constant and 
that of moment of inertia is the dimension of 
(a) time (b) frequency 
(c) angular momentum. (d) velocity 


h a T 1 
Solution (b) Af= la or IFT T 
3. Out of the following pairs, which one does not have 
the same dimensions? 
(a) Angular momentum and Planck’s constant 
(b) Impulse and momentum 
(c) Moment of inertia and moment of force 
(d) Work and torque. 


Solution (c) MOI I = Mr = [ML’], moment of force = 
torque 


= la =r x F = MĽT” 
4. Parsec is the unit of 


(a) time 
(c) frequency 


(b) distance 
(d) angular acceleration. 


Solution (b) astronomical unit of distance 
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= 6.67 x 10° x [ (1000 g ) x (100 cm) x s”] 
x (100 cm)? x (1000 g)? 
= 6.67 x 10°"! x 10° x 104 x10% g! cm? s? 
= 6.67 x 10% g? cm? s? 
50. (b) The dimensions of E, P and F in terms of M, Land 


T are 
[E] = ML’T? 
[P] = MLT? 
[F] = MLT? 


Let [M] = EP’ FS 

or — [M] = (ML?T?)* (MLT) (MLT?)° 

Equating the powers of M, L and T, we have a = -1, b 
=2andc=0 

Hence [M] = E? P? 


5. A. Specific gravity of a fluid is a dimensionless quantity 
R. It is the ratio of density of fluid to density of water. 


(a) Both A and R are correct and R is the correct 
explanation of A. 

(b) Both A and R are correct but R is not the correct 
explanation of A 

(c) Ais correct but R is false 

(d) Both A and R are false. 


Solution (a) 


6. A force Fis given by F =at + bt’ where t is time, what 
are the dimension of a and b? 
(a) MLT, MLT’ 
(b) MLT?, ML’T* 
(c) MLT~*, MLT" 
(d) MLT, MLT* 


Solution (d) a= = MLT”, b= -= MLT* 
t 


7. Which of the following is not a unit of Young’s 
modulus? 


[CET Karnataka 2005] 
(b) Nm” 
(d) mega pascal 


(a) Nm! 
(c) dyne cm”? 


Solution (a) 


8. IfM is mass of the earth and R its radius, the ratio of 
the gravitational acceleration and the gravitational 
constant is 

[CET Karnataka 2005] 


1.18 
R? M 
2 bì) — 
(a) M (b) R? 
7 M 
(c) MR (d) Fa 
GM g _M 
Solution (b) s = pe 


9. A hypothetical experiment conducted to find Young’s 
cos OT *t 


modulus Y = ; where T is torque and Lis length 
l 


then find x. 
[CBSE PMT 2005 Mains] 


T*(MĽT >?) 
p? 
22 =0 


Solution Y = MLCT? = 


= ML 'T”T* 


2 

10. Find the dimensions of 2 
Ho 

(b) ML'T" 

(d) ML T> 


(a) MLT” 

(c) MELOT” 

p? 

Solution (d) q T erergy density 


Oo 
a a 
= ML'T” 


11. While printing a book a printer made certain mistakes 
in the following relation. Find the correct relation. 
(a) y=Asin œ0 (b) y=A sin(@x +0) 


A. 
(c) y=A sin (@t+0x (d) ay la 


Solution (c) 
12. The velocity of surface waves depends upon surface 


tension, coefficient of viscosity and density. The 
relation is 


s T 
(a) ve (b) 7 
np oo 
(c) F3 (d) n 


Solution (b) [M°LT"] = [MT°] [MLT] [ML*| 
= [ Matec [L-e Teee] 
S 
on solving a = 1, b =-1, c =0, v — 
n 
13. Which of the following pair has different dimensions? 
(a) Electric pressure, energy density 
(b) Intensity €, E?c 
(c) Reynold’s number and time constant 


(d) Work, Torque 
Solution (c) 
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14. Achocolate cookie is a circular disk of diameter 8.50 + 
0.02 cm and thickness 0.050 L 0.005 cm. The average 
volume in cm?is 


(a) 2.83 0.3 
(c) 11.35 1.2 


(b) 2.38 + 0.27 
(d) 9.31+ 1.12 


dV 2dr dl 
Solution (a) V=xr7] — = —+— 
V r l 
7 2 2. 
wan 8) (+ | 
8.5 .050 21 10 
= 0.296 cm? 


Thus V = 2.83 + 0.3 cm? 
15. The fastest commercial airline service is 1450 mi/h. 
Find the speed in kmh=! and ms“. 


(a) 1938 kmh"!, 618.3 ms! 
(b) 2030 kmh", 623.1 ms“! 
(c) 2334 kmh", 647.5 ms! 
(d) None 


Solution (c) 1450 x 1.61 = 2334kmh" 1 mile = 1.61km 
2334x > ms™! = 647.5 ms”! 


16. Two capacitors C, = 5.2uF  Q.luF and c, = 12.2u F 
are joined (i) In series (ii) In parallel. 


Find the net capacitance in these two cases. 
(a) 2.8%, 1.23% (b) 3.6%, 1.31% 
(c) 3.4%, 1.3% (d) 3.9%, 1.15% 


Solution (d) In parallel c = c, + c, and 


Ac <100 = Ac, + Ac, 100 = 0:27100 
C CoC; 17.4 
aez 
In series © = and 
ci +c, 
Ac 100 =| £2 Aa tAE }1 99 
C C C4 c +c, 


(92) 
an x 100 + 1.15 = 3.9% 


17. V- stands for 
(a) electric flux (b) electric pressure 
(c) electric field density (d) capacıtance 
Solution (d) C=Q/V 


18. Aspherometer has 20 threads per cm. Its circular scale 
has 100 divisions. Find the least count of spherometer. 


(a) Sum (b) 50 um 
(c) 0.5 um (d) 0.5 um 
Solution (a) 
pitch 


Least count = ———————————————————— 
number of division on circular scale 


-1 0.5 x 10° cm 
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19. Which of the following are dimensionally correct? 


h 2T cos 0 j p 

= b = — 

(a) I O Yay 
dV apr't mgl 
— T = 

() a Sal a Va 


Solution (a), (b) and (c) are dimensionally correct. 


20. ee 2 = 


va -x 4 x 


(a) is dimensionally correct 

(b) dimensionally incorrect 

(c) such mathematical relations cannot be tested 
(d) cannot say 


Solution (b) 


21. In CH, molecule, there are four C — H bonds. If two 
adjacent bonds are ini + J + k and i —- j— k 
direction, then find the angle between these bonds. 


(a) sin” =) (b) cos” =) 
3 3 

sin! =) 
(c) 3 


Solution (d) cosé (i+) +k)(/-7-) = or 


V3.3 
mae 


22. Two vectors A and B have magnitude 3 each. 


AX B =—5k+2i . Find angle between A and B 


(a) cos = (b) tan’ (=) 


sin” (2 sin” 6 
(c) 5 (d) 5 
Solution (d) sinô | PN Z- 


Wa 9 


owl 


or sin 


23. A M moving eastwards with 5ms™'. In 10 s the 
velocity changes to 5ms™ northwards. The average 
acceleration in this time is 

[AIEEE 2005] 


1 
(a) vo ms~* towards Northeast 
(b) 


: ms” towards North 


1 
(c) va ms” towards Northwest 


(d) Zero 
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V-V _5j-5i = North 
J2 or 


Solution (c) 4,, = or 


a 


av 


west. 


24. If a vector 2143; +8k is perpendicular to the vector 


4j _4i+ak then the value of æ is 
[CBSE PMT 2005] 


zi 
(b) — 


1 
eS 2 
(c) 1 (d) -1 
Solution (b)(2i+37+8k).(47-4i+ak)=0 or 
—$+12+6a=0 a == 
25. Ifthe angle between the vector A an B is @, the value 


of the produc (B x A) . A equals 
[CBSE PMT 2005] 


(b) BA’cos @ sin 0 
(d) zero 


(a) BA?’sin 0 
(c) BA’cos 0 


Solution (d) 


26. Ariveris flowing from W to E with a speed 5m/min. A 
man can swimin still waters at a velocity 10m/min. In 
which direction should a man swim to take the shortest 
path to reach the south bank? 

[BHU 2005] 


(b) 60° East of North 
(d) 30° West of North 


(a) 30° East of South 
(c) South 


Solution (d) vsi 0 = viver or 


sin 0 = tgz = 30° 
2 


v sinô V. 


v cos 


27. Electrons in a TV tube move horizontally South to 
North. Vertical component of earth’s magnetic field 
points down. The electron is deflected towards 
(a) West (b) no deflection 
(c) East (d) North to South 


(x B) =— e(jx-k) =ie 
28. If A. B = B. C then 
(a) A= 
(b) A # Calways 


Solution (c) F== 


Ç always 


(c) A may not be equal to C 
(d) none of these 


Solution (c) 
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29. A= 3+4] Find a vector perpendicular to A in the 


plane of A 
(a) k (b) -3i-4j 
(c) 4j-3i (d) 4i-3j 


Solution (d), (a) is also perpendicualr to A but not in the 
same plane. Check using A.B =0 


30. Find a vector x which is perpendicular to both A an 
B but has magnitude equal to that of B. 
Rule: Inter change coeff. of i and j and change sign 


of one of the vectors. 
A=3i-2j+k, B=4i+3j—2k 


i+10j+17k] i-10j+17k) 


(a) l (b) zl 


(c) [2 (i103+17) (d) [Z (i103+17) 


i j k 
Solution (d) AxB=|3 -2 1 
4 3 -2 
A AxB -itO j7k 
Ax B] 39 
m V29(i+10j+17k) 
ï =|B|n = ——— 


4390 


31. Rain is falling vertically with 3ms~! and.a man is moving 
due North with 4ms". In which direction he should hold 
the umbrella to protect himself from rains? 

(a) 37° North of vertical’ (b) 37° South of vertical 
(c) 53° North of vertical (d) 53° South of vertical 


Solution (c) V,, = V.- V, =3k #4} ; 
4 
tan B = a => P = 53° North of vertical 


32. Aman is moving on his bike with 54 kmh". He takes 
a u-turn in 10 s and continues to move with the some 
velocity. Find average acceleration during this time. 


(a) 3.0 ms? (b) 1.5 ms? 
(c) 0 (d) -1.5 ms” 
-15 - (153) . 
Solution (a) a, =—————— = -3i =3ms” 


10 


33. A man starts from O moves 500 m turns by 60° and 
moves 500 m again turns by 60° and moves 500 m 
and so on. Find the displacement after (1) 5th turn, 
(ii) 3rd turn 
(a) 500 m, 1000 m 
(c) 1000 m, 50 V3 m 


(b) 500 m, 50 V3 m 
(d) none of these 


Physicsand Measurement | 


Solution (a) A regular hexagon will be formed if we 
continue. 


After 5th turn displacement = OE = 500 m 
After 3rd turn displacement = OC = 1000 m (OC is 
diameter of the circle circumscribing regular hexagon). 


D C 


— 


34. FKB-AA thenZ=............ 
A 


(a) A (b) L 
(c) - (d) Inderminate 


Solution. (d). vector division is not allowed. 


35. The acceleration of a particle as seen from two frames 

Sand S, has equal magnitude 5 ms”. 

(a) The frames must be at rest with respect to each other. 

(b) The frames may be moving with respect to each 
other but neither should be accelerated with respect 
to the other. 

(c) The acceleration of frame S, with respect to S, be 
0 or 10 ms”. 

(d) The acceleration of S, with respect to S, lies 
between 0 and 10 ms”. 


Solution (d) use Parallelogram law. 
36. A man running on a horizontal road at 8 ms“ finds rain 
falling vertically. If he increases his speed to 12 ms", 


he finds that drops make 30° angle with the vertical. 
Find velocity of rain with respect to the road. 


(a) 4/7 ms” (b) 8./2 ms”! 
(c) 743 ms" (d) 8ms"! 


Solution (a) V,=(V,-V,)i+ Vj 


ry ry 


case (i) tan 90 = 
Vx — Vn 


ae = 8—12 
V 


ry ry 


V=8i -443 j = W2? +3 = 4/7 ms" 
Vy AN3 v3 


R E a or ĝ = tan`! 
rx 8 2 


road (horizontally). 


=- 443 ms” 


case (ii) tan 30 or V 


J ~> with respect to 
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37. Inthe given figure, find the velocity of block m if both 
the rope ends are pulled wit a velocity v. 


(a) 2vcos 0 (b) 
cos ô 

v d 2v 
(c) 2cos@ (d) cos@ 


Solution (a)R = 4+ 5 


41. 


asij oo ao ce 
(a) ¥5, 297° (b) 5, 63° 
(c) 3, 297° (d) 3, 63° 
p += -2j 


|R| = /5 and tan 8 =- 2 or 8 = 297° 


A block of mass m is connected to three springs, each 
of spring constant k as shown in the figure. The block is 
pulled by x in the direction of C. Find resultant spring 
constant. 


(a) k (b) 2k 
oo, (c) 3k a = 
Solution ©) =x +y 2 
l c) F =-(kx+kxcos60+kxcos60 
o ui oy Solution (c) F =-( ) 
dt dt =—2kx >. k,, =2k 
(° xis constant its derivative is zero) 
dy dlldt V k B 
i. at ROO go> 
dt yll  cos@ A <Q ~ k 
120° 120° 


42. 


38. Which of the following cannot be in equilibrium? 
(a) 10N, 10N,5N (b) SN, 7N, 9N 
(c) 8N, 4N, 13N (d) 9N, 6N; 5N 


Solution (c)as 13N>8+4[.R_ =A+ B] 


39. A= 3i+4j+2k Bpa A= j+3k . Find avector parallel 


to A whose magnitude is equal to that of B. 


(a) is (31 +47 +2k) 


(b) (2° (ci-I+38) M 


(c) J2 (31+47+2k) 


(d) none of these 


Solution (a) 


~ (31+47+2k)V36+1+9 
a AB a e 
| | V9 +16+4 


= | (ais a+ 28) 


40. a, b , € are three coplanar vectors. Find the vector 
sum. 


A particle moves in the x — y plane under the action of 
a force F such that the value of its linear momentum 
p at any instant is p = 2 (costi + sin tj ). The angle 8 
between F and p is 
(a) 60° 
(c) 30° 


(b) 45° 
(d) 90° 


d ‘ P 
Solution (d) F = = 2(-sinti+cosrj] 


F.p = 4(—sin ti i+ costj).(costi+sintj) = (0) 
0 = 90° 


Consider a collection of large number of particles, each 
moving with a speed v. The direction of velocity is 
randomly distributed in the collection. The magnitude 
of the relative velocity between a pair of particles 
averaged over all the pairs in the collection 


2v 

(a) v (b) — 

T 

TV 4y 

(c) a (d) ee 
Solution (d) V, = V,- V, or 


[Vasl = Jv +v’ —2v° cos 


= dy a 
2 


1.22 
22 
f »,.40 2 
0 d _ 0 
(v „) average = -zz = pe Í 2vsin—d@ 
fao 7 
0 
v Gh 4y 
= —|—cos| — =— 
T 2 Jie T 


44. A steamer is moving due east with 36 km/h. To a man 
in the steamer the wind appears to blow at 18 km/h due 
north. Find the velocity of the wind. 


(a) 54/5 ms” tan”! > North of east 


(b) 5ms-'tan! 2 North of east 
(c) 54/5 ms” tan” 2 North of east 


(d) 5ms"! tant North of east 


Solution (a) v,, =V, -V, > (Vi +V,,j)-10i=5J 
or 


(v i+V i) s5] +10i or 


wx wy 


l 
V,,.| = 54/5 and tan ĝ = 7 or @= tant 


l 
i.e., wind is blowing at 54/5 ms tan`! z North of east. 


45. The position vector of a particle isř = a[cos@ti + 


sinot j ]. The velocity of the particle is 
(a) parallel to position vector 
(b) directed towards origin 


(c) directed away from origin 
(d) perpendicular to position vector. 


— 


P dr k Sa r 
Solution (d) v = af aw[-sinwt i + cosæt j |] and 


v.r =0 

46. A force 61 +3) +k Newton displaces a particles from 
A(0,3,2) to B(5,1,6). Find the work done. 
(a) 10J (b) 22J 
(c) 32] (d) 41J 


Solution (c) d= 5i-27+4k 
W= Fd = (61437 +k). (5i-27+4k) = 32). 

47. Wind is blowing NE with 1 J: km h~! and steamer is 
heading due west with 18 km h~. In which direction is 
the flag on the mast fluttering? 

(a) North West (b) North 

(c) South West (d) South. 
gg =-5f+5j+5} 25. 
The flag will flutter in a direction opposite to the direction 


Solution (d) Vre =V eame +V 


steamer 


of motion. 
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48. The resultant of two forces equal in magnitude is equal 
to either of two vectors in magnitude. Find the angle 
between the forces. 

(a) 60° (b) 45° 
(c) 90° (d) 120° 


Solution (d) F=VF’ + F? +2F’ cos@ or 


cos 0= =; 0 = 120° 


49. A man goes 100 m North then 100 m East and then 
20 m North and then 100 V2 m South West. Find the 
displacement. 
(a) 20 m West 
(c) 20 m North 


(b) 20 m East 

(d) 20 m South 

Solution (c) d = 100} + 1007 + 207+ (— 100i- 

1007 )=20j 

50. If force, length and time are fundamental quantities, 
then find the dimensions of 


(a) density 
(b) pressure 


Solution (a) F = MLT~ density = ML? = FL“T? 
(b) pressure = F/A = FL” 
51. Ariver flows 3 km h” and a man is capable of swimming 


2 km h. He wishes to cross it in minimum time. In 
which direction will he swim? 


(a) sin”! = (b) cos"! (= 
3 3 

(c) tan”! = (d) cot"! (= 
3 3 


Solution (a) Let us assume he swims at an angle 0 with 
the perpendicular as shown. If river is /m wide time taken 
to cross it 


t= ———., v,=3-2sin @horizontal distance covered along 
2cos @ 


x direction during this period 


= vt = (3 — 2sin 8 
x=vt=( S U) Fae 


for t to b n 0 
or f to Da = VU, Or 


I Seco ano-se? 0|=0 or sin 6= 2 
3 


2 cos 


2 sing 3 
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52. A pilot is to flag an aircraft with velocity v due east. 
Wind is blowing due south with a velocity u. Find the 
time for a round journey A to B and back (A and B are 
l distance away). 


l 2l 
(a) ly? u (b) Pan 
2] 21 
(c) M (d) Pan 
Solution 
A v -u B 


(b) See in the figure, the velocity in the direction A to B 
l 


will be ./\2 _ 7,2 <. t= same time is needed to come 
Vv -u fy? u? 
2l 
back from BtoA.. ta = [2 >? 
y —u 


53. When a mass m is rotated in a plane about a fixed point, 
its angular momentum is directed along 
(a) the radius 
(b) tangent to the orbit 
(c) the axis of rotation 
(d) 45° to the axis of rotation 


Solution (c) because angular momentum is an axial vector. 


54. A pendulum hangs from the ceiling of a jeep moving 
with a speed v along a circle of radius R. Find the angle 
with the vertical made by the pendulum. 


(b) tan"! (=) 


(a) 0 
(c) tan! 6 
V 


Solution (b) a, = T tan 0 = 


(d) none of these 


P|% 


1.23 | 


55. If |A + B| = |A- B| then angle between the vectors A 


and B is 

(a) 0 O) = 
T T 
= d = 

(c) A (d) i 


Solution (c) See Figure. 


56. Two identical pendulums are tied from the same rigid 
support. One is tied horizontally. The other is released 
when they are making the same angle @ with the 


vertical. 
(a) tan? 0 (b) cot? 8 
(cr | (d) sec?0 
Solution (d) 7,cos@=mg or 
mg 
1 cosé 
T,= mg cos@ 
Too 
`T, E cos? @ 
= sec? 8 


57. Sixteen beads in a string are placed on a smooth incline 
as shown in equilibrium. The number of beads lying 
along the incline are 
(a) 4 
(c) 12 


(b) 8 
(d) none of these 


Solution (c) Let n beads be hanging vertically. Then 
l 
(16 —n) mg sin 0 =n mg. For sin á i - 16-4=12 


beads lie along the plane. 
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58. Three particles A, B and C are situated at the verticles 
of an equilateral triangle of side /. Each of the particle 
starts moving with a constant velocity v such that A is 
always directed towards B, B towards C and C towards 
A. Find the time when they meet. 


a -a 
(a) By (b) ; 
(c) = (d) none 


Solution (c) We look into it as a problem of relative 
velocity and find v,, in the direction of B. 


l l 21 
v,—Vv,C0S120 ~ „4v 3y 


[= 


59. Two particals are thrown horizontally in opposite 
directions from the same point from a height A with 
velocities 4 ms™ and 3 ms™. Find the separation 
between them when their velocities are perpendicular. 
(a) 0.15s (b) 0.25 s 
(c) 0.35s (d) none of these 


Solution (c) V, = 4i gti and V, =3i — gti are the 
velocities at any instant. For velocities to be perpendicular 
VV, =0 


a [12 
that is, V,.V, =0 or t= =z =0.35s 
& 


separation = (u, + u, )t = 7(0.35) = 2.45 m. 
60. A ball is thrown with a velocity 6j with an acceleration 
6i + 2j . The velocity of the ball after 5 seconds is 


(b) 30i +16} 


(d) none of these 


(a) 30i +103 
(c) 10i +24j 


Solution (b) using v=u+at v =6(5) = 30 ms” 


v=6+2(5)=1l6ms? v=30i +16 j 
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61. Ray AO in medium I emerges as OB in medium II 
then refractive index of medium II with respect to 


medium is 
OA.NO OA x N O 
G (b) a | 
B.N,O 08x N,0| 
AO.OP OAx OP 
(0) == (d) —— 
OB.OP OB x OP 


Solution. (b) 


62. Vector Laws 
(a) vary if scale is changed 
(b) vary if rotation of axes is performed 
(c) vary if translation of coordinates is performed 
(d) are invariant under translation and rotation of the 
coordinates. 


Solution (d) 


63. Block A is placed on B, whose mass is greater than 
that of A. Friction is present between the blocks while 
surface below B is smooth. Force F as shown increasing 
linearly with time, is applied at t = 0. The acceleration 
a, and a,of A and B, respectively, are plotted against 
time t. Choose the correct representation. 
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(ms?) 


(b) 


Solution (c) 


64. In the given figure, mass of both the blocks are 
equal. v, and v, are instantaneous speed of A and B. 
Then 


(a) B will never loose contact with the ground 
(b) |a,| = |a,| 


(c) v,=v,cos 0 


(d) v,= 


cos@ 


Solution (a), (d) BP + PA = B'P + PA’ or 


l +1, =(1,—xcos 0) + y 


u an a dy 
differentiating (i) 0 = “ap O+ a Oorv,=v,cos 0 
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65. The product of two vectors A and B may be 
(a) >AB (b) <AB 
(c) <AB (d) zero 


Solution (b), (©, (d) -.: A. B =ABcos 6 and Ax B| 
= ABsin @ 
66. X= A. B andX =C. B then 


= Ç always 
may not be equal to ¢ 


S 
hi D; Di 


and ÇC are parallel 


(c) 
(d) A and C are antiparallel. 


Solution (>) 


67. A'+B' =C Vectors Aand B if rotated by @ in the same 


sense to form A' and B' then 
(a) A'+B'=C b A+B 4C 


(c) A’. B =A B (d) |A'+B' 


= |ë 
Solution (b), (c), (d) 


68. Aand B are two vectors such that A + B = C in 
a given coordinate sustem. The axes are rotated by 8. 
Then in new coordinate system 


(a) A+B=C 

b A+B#C 

(c) AxB (old system) = AxB (new system) 
(d) A and B (interchange in new system) 


Solution (b) 


69. A point moves according to the law x= at, y =at (1 —at) 
where a and a are positive constants and fis time. Find 
the moment at which angle between velocity vector and 


. . T 
acceleration vector is 4 : 


- dx ^ dy ^ A r 
Solution © = — i + oa =a} +(a-2aan} 


dv ben 
f= ian aa j or 


m -24a j. ai +(a— 2aat)} | 


a rr 
4 2aa,/a° +(a- 2actt ) 


l1 = =-[a-2aaT | 


a V2 g ya’ +(a—2aat)’ 


or 2X(l- at)=1+(l- at) 


l 
or (l-at)y=lortr=t— 
a 


1.26 
PRAC TICE EXERCISE 3 
(UNSOLVED) 

l. Curie is the unit of 


10. 


l1. 


12. 


(a) decay constant 
(c) half-life 


(b) activity 
(d) average life 


SI unit of water equivalent of calorimeter is 
(a) Kg (b) Kg? 
(b) Kg’ (d) Kg" 


The magnetic moment of electron is 
(a) 9.27 x 10” Joule/Tesla 
(b) 9.27 x 10” Tesla/Joule 
(c) 9.27 x 10” Joule/Tesla 
(d) 9.27 x 10°*Tesla/Joule 


One electrostatic unit (esu) of charge is equivalent to 
(a) 3.3 x 10 Coulomb (b) 3.3 x 10° Coulomb 
(c) 3.3 x 10° Coulomb (d) 3.3 x 107’ Coulomb 


The value of solar constant in SI system is 
(a) 1340 watt/m? (b) 1340 watt/m? 
(c) 1340 m?/watt (d) 1340 watt/m 


The correct statement about Poisson’s ratio is 
(a) Its unit is N/m? 

(b) It is dimensionless 

(c) Its unit is Newton 

(d) Its dimensions are MLT~ 


The SI unit of gravitational potential is 
(a) Joule/Kg (c) Joulex/Kg 
(c) Kg/Joule (d) Joulex/Kg? 


One watt-hour is equivalent to 
(a) 3.6 x 10? Joule (b) 3.6 x 10°Joule 
(c) 6.3 x 10? Joule (d) 6.3 x 10° Joule 


An air bubble inside water oscillates due to some 
explosion with period T. If Ta P“ d’ E° then determine 
the values of a, b and c. Here P, d and E are the static 
pressure, density and total energy of explosion of water, 
respectively. 


5 l 
(4). @=—,)=1,c=— = 
6 3 6 2 3 
(c) a=l,b=l,c=1 (d) a=0,b=0,c=1 
The dimensions of intensity of energy are 
(a) ML?T* (b) ML?T~” 
(c) ML’ (d) ML”T’ 
The MKS unit of the quantity œ yr*/2 lis 


(a) Nm Radian (b) N/m/Radian 
(c) Radian/N/m (d) N/m/Radian? 


Oersted in the unit of 

(a) intensity of magnetization 
(b) magnetic moment 

(c) magnetic induction 

(d) magnetic flux 


20. 


21. 


Lei 


23. 
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Lux is the unit of 

(a) Luminous flux 

(b) Luminous intensity 

(c) Density of illumination 
(d) Luminous efficiency 


M“'L”T? @' are the dimensions of 

(a) coefficient of thermal conductivity 
(b) coefficient of viscosity 

(c) modules of rigidity 

(d) thermal resistance 


Ampere-hour is the unit of 
(a) power (b) energy 
(c) quantity of electricity (d) strength of current 


Which of the following is not the unit of time? 
(b) Lunar month 
(d) Parallactic second 


(a) Leap year 
(c) Solar day 


The dimension of the ratio of angular momentum and 
linear momentum is 


(a) L° (b) L! 

(c) L? (d) MLT 

The SI unit of form factor is 

(a) ampere (b) volt 

(c) watt (d) none of the above 
One micron is equivalent to 

(a) 10*m (b) 10%*m 

(c) 10*m (d) 10°m 


The velocity of a body falling under gravity is directly 
proportional to g“h”. If g and hare the acceleration due 
to gravity and height covered by the body, respectively, 
then determine the values of a and b. 


l l l 
a) — and — b) -—— and -— 
(a) > 5 (b) 5 

l l l l 
c) — and -— d) -——and — 
(c) > (d) 5 


The velocity of a particle depends upon time according 
to the relation v = at + p/⁄t + y .The dimensions of a, f 
and y will be 

(a) LT >, L, LT" (b) L, LT, LT > 

(G) 14, Lif (d) LT, L, TL 


If in the formula X = 3Y2?, the dimensions of X and Z 
are those of the capacity and magnetic induction, then 
the dimensions of Y are 
(a) MLT: A* 

(c) M?L?T“*A4 


(b) MLT +A‘ 
(d) M> L> TA- 
The mass of electron in MeV is 


(a) 1.02 MeV/C? (b) 0.51 MeV/C? 
(c) 51 MeV/C? (d) 102 MeV/C? 
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24. 


25. 


26. 


21. 


28. 


29. 


30. 


31. 


a2; 


33. 


34. 


35. 


The ratio of nuclear magneton and Bohr magneton is 
(a) m/m, (b) m/m, 
(c) mm, (d) 2m,/m., 


The value of Faraday number in SI unit is 
(a) 9.65 Coulomb/Kg/equivalent 

(b) 9.65 x 10’ Coulomb/kg/equivalent 
(c) 9.65 x 107 Coulomb/kg/equivalent 
(d) 9.65 Coulomb/kg/equivalent 


The velocity of ripples on water surface depends upon 
the wavelength À, density of water d and acceleration 
due to gravity g. Which of the following relations is 
correct among these quantities? 

(a) V’aga (b) Wa l/ga 

(c) Va dlgd (d) V? a gàd 


The fundamental unit of the quantity of matter is 
(a) Kg (b) mol 
(c) gm (d) meter 


In an experiment to determine acceleration due to 
gravity by simple pendulum, a student commits | % 
positive error in the measurement of length and 3% 
negative error in the measurement of time period. The 
percentage error in the value of g will be 

(a) 7%. (b) 10% 

(c) 4% (d) 3% 


Which of the following pairs is not matched? 
(a) Coefficient of self-induction-henry 

(b) Magnetic flux-weber 

(c) Electric flux-voltmeter. 

(d) Electric capacity -farad-meter. 


If the units of ML are doubled, then the unit of kinetic 
energy will become 

(a) 8 times (b) 16 times 

(c) 4times (d) 2 times 

The SI unit of (1/2 VLC ) is equivalent to that of 

(a) time period (b) frequency 

(c) wave length (d) wave number 

Light year is the unit of 


(a) distance 
(c) speed 


(b) time 
(d) mass 


The ratio of MKS units and CGS units of coefficient 
of viscosity is 


MK. MK. 
(a) MKS _ 1 (b) MES _o 
NCGS nCGS 
MK. MKS |l 
O A -01 a ~~ =— 
nCGS nCGS 9.8 
The dimension of the expression 1 /MB is 
(a) L (b) T 
(c) L” (d) T? 


The SI unit of mobility of charges (u) is 
(a) Coulomb/ (s/Kg) (b) Coulomb/ (Kg/s) 
(c) Coulomb/ (Kg/s') (d) Coulomb/ (s!/Kg) 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 
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The dimensions of the coefficient of viscosity are 
(a) ML'T" (b) MLT 
(c) MLT” (d) M°L°T® 


If the error in the measurement of radius of a sphere is 
1 %, then the error in the measurement of volume will 
be 


(a) 8% (b) 5% 
(c) 3% (d) 1% 
The ratio of the atomic radius to nuclear radius is 
(a) 104 (b) 10+ 
(c) 10° (d) 107 


One fermi is equivalent to 
(a) 107 meter 
(c) 10 meter 


(b) 10!4 meter 
(d) 10" meter 


Debye is the unit of 

(a) magnetic dipole moment 
(b) electric dipole moment 
(c) density 

(d) RMS velocity 


The units of the temperature coefficient of resistance 
are 

(a) Q K” (b) K” 

(c) QK (d) (Q K)” 


How many wave lengths of Kr are contained in one 
meter? 

(a) 1553164.13 
(c) 2347127.23 


(b) 652189.63 
(d) 1650763.73 


A physical quantity is represented by the relation Y = 
M'L’T!. If the percentage errors in the measurement 
of M, L and T are a%, p% and y% respectively, then 
the total error will be 

(a) (aa— pb + yc)% (b) (aa -— pb — yc)% 

(c) (aa + pb + yc)% (d) (aa + pb — yc)% 


A science student takes 100 observations in an 
experiment. Second time he takes 500 observations in 
the same experiment. By doing so the possible error 
becomes 

(a) 5 times 
(c) unchanged 


(b) 1/5 times 
(d) none of these 


If the error in the measurement of radius of a sphere is 
1% then the error in the measurement of volume will 
be 


(a) 1.1% (b) 3% 
(c) 5% (d) 8% 
Light year is the unit of 

(a) speed (b) mass 
(c) distance (d) time 


Debye is the unit of 

(a) density 

(b) rms velocity 

(c) electric dipole moment 
(d) magnetic dipole moment 
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48. 


49. 


50. 


SI. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


The unit of surface energy per unit area may be 
expressed as 
(a) Nm” 
(c) Nm 


(b) Nm” 
(d) Nm? 


To get a resultant displacement of 10 cm, two 
displacement vectors, one of magnitude 6 cm and 
another of 8 m, should be combined 

(a) atan angle 60° (b) perpendicular to each 
(c) parallel (d) anti-parallel 


When mass is rotating in a plane about a fixed point, 
its angular momentum is directed along 

(a) the axis of rotation 

(b) line at an angle of 45° to the axis of rotation 
(c) the radius 

(d) the tangent to the orbit 


Which of the following is a vector? 
(a) Force (b) Mass 
(c) Energy (d) Power 


When two vectors A and B of magnitude a and b are 
added, the magnitude of the resultant vector is always 
(a) greater than (a+b) (b) not greater than (a + b) 
(c) equal to (a + b) (d) less than (a + b) 


Identity the vector quantity. 
(a) Heat (b) Angular momentum 
(c) Time (d) Work 


Which of the following quantities is a scalar? 
(a) Magnetic moment 

(b) Acceleration due to gravity 

(c) Electric field 

(d) Electrostatic potential 


Which of the following quantities is a vector? 
(a) Volume (b) Temperature 
(c) Displacement (d) Density 


The rectangular components of force 5 dyne are 
(a) 3 and 4 dyne (b) 2.5 and 25 dyne 


(c) 1 and 2 dyne (d) 2 and 3 dyne 
Identify the scalar quantity. 

(a) Work (b) Impulse 

(c) Force (d) Acceleration 
Moment of inertia is 

(a) vector (b) scalar 

(c) phasor (d) tensor 


If the magnitude of vectors A, B and C are 12,5 
and 13 units, respectively, and A + B=C , the angle 
between vectors A and B is 


(a) 2/4 (b) 7/2 

(c) z (d) 0 
Angular displacement is 

(a) a scalar (b) a vector 


(c) neither (a) nor (b) (d) either (a) or (b) 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 
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A mosquito flies from the hole in a mosquito net top 
corner diametrically opposite. If the net is 3 x 2 x 2m 
then the displacement of the mosquito is 


(a) 13m (b) Jl7m 


(c) J1 m (d) none of these 


A man travels 1 mile due east, 5 mile due south, 2 mile 
due east and finally 9 miles due north. How far is the 
starting point? 
(a) 3 miles 
(c) 4 miles 


(b) 5 miles 
(d) between 5 and 9 miles 


Two forces of magnitude 7 N and 5 N act on ap article 
at an angle @ to each other, 0 can have any value. The 
minimum magnitude of the resultant force is 

(a) 12N (b) 8N 

(c) 2N (d) SN 


I started walking down a road to day-break facing the 
sun. After walking for some time, I turned to my left 
then I turned to the right once again. In which direction 
was I going? 
(a) Northeast 
(c) East 


(b) South 
(d) Northwest 


If A = B + C andthe magnitudes of A , B and C 
are 5, 4 and 3 units, respectively. then the angle between 
A and C is 
(a) 2/2 

(c) cos! (3/5) 


(b) sin™ (3/4) 
(d) cos™!(4/5) 


A boat which has a speed of 5 kmhr~ in still waters 
crosses a river of width 1 km along the shortest possible 
path in 15 minutes. The velocity of the water in kmhr”' 


1S 
(b) 41 


(a) 4 
(c) 1 (d) 3 


If two waves of same frequency and same amplitude on 
superimposition produce a resultant wave of the same 
amplitude, the wave differs in phase by 

(a) xz/5 (b) 22/3 

(c) 7/4 (d) zero 


If n is a unit vector in the direction of the vector A ; 
then 


! 3: 


xn 


=A ÍA 


a! 3! 


| (d) 


Two forces of 4 dyne and 3 dyne act upon a body. The 
resultant force on the body can only be 

(a) between 3 and 4 dynes 

(b) between | and 7 dynes 

(c) more than 3 dynes 

(d) more than 4 dynes 


A river 1s flowing from west to east at a speed of 3 m/ 
minute. A man on the south bank of the river, capable 
of swimming at 10 m in still waters wants to swim the 
river in the shortest time. He should swim in a direction 
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FL 


72. 


73; 


74. 


75. 


76. 


T1. 


78. 


79. 


80. 


(a) 30° west of north 
(c) 30° east of north 


(b) 60° east of north 
(d) due north 


The resultant of two equal forces is double of either of 
the force. The angle between them is 

(a) 0° (b) 60° 

(c) 90° (d) 120° 


An aeroplane is moving on a circular path with a speed 
250 kmhr. What is the change in velocity in half 
revolution? 

(a) 0 

(c) 250 kmhr“! 


(b) 125 kmhr"! 
(d) 500 kmhr“! 


A body constrained to move in y direction is subject 


to force given by F = (5 i+16j + k)N.Whatis the 
work done by this force, in moving the body through 
a distance of 10m along y-axis? 

(a) 20J (b) 150J 

(c) 160J (d) 190J 


I walked 4 miles turned to my left and walked 6 miles 
then turned to my right again and walked 4 mile. Which 
of the choice mentions the distance from the straight 
point to the place where J stopped? 

(a) 10 mile (b) 14 mile 

(c) 15 mile (d) 20 mile 


A force F =6i — 8 j + 10k newton produces an 
acceleration of 1 ms” in a body, the body would be 
(a) 10/2 kg (b) 6V2 kg 

(c) 20 kg (d) 200 kg 

Maximum and minimum magnitudes of the resultant 


of two vectors of magnitudes P and Q are in the ratio 
3: 1. Which of the following relations is true? 


(a) PQ=1 (b) P=20 

(c) P=Q (d) none of these 
What is the projection of P on O ? 

(a) Q.P (b). P.O 

(c) P.O (d) P.O 


There are N co-planar vectors each of magnitude V. 
Each vector is inclined to the proceeding vector at angle 
2 a/N. What is the magnitude of their resultant? 

(a) zero (b) V/N 

(c) V (d) NV 


Which of the following operations between the two 
vectors can yield a vector perpendicular to either of 
them? 

(a) Subtraction 
(c) Addition 


(b) Division 

(d) Multiplication 

Three vectors A, B and C satisfy the relation A.B = 0) 
and A. C=(). The vector A is parallel to 

(a) B.C (b) B 

(c) C (d) BxC 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 
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Angle between the vectors (i + j) and (i + i) is 


(a) 60° (b) 90° 
(c) 180° (d) 0° 


Resultant of two vectors P and Q is inclined at 45° to 
either of them. What is the magnitude of the resultant? 


(a) yP’ +° (b) yP -o° 


(c) P+Q (d P-Q 


What is the angle between i + j +k andi? 


(a) 7/3 (b) 7/4 
(c) z/6 (d) none of these 


What is the maximum number of components into 
which a vector can be split? 

(a) 2 (b) 3 

(c) 4 (d) more than 4 


What is the maximum number of a rectangular 
components into which a vector can be split in its own 
plane? 

(a) Two 
(c) Four 


(b) Three 
(d) More than 4 


A force of 6 kg and 8 kg can be applied together to 
produce the effect of a single force of 

(a) 20 kg (b) 15kg 

(c) ll kg (d) 1kg 


To a person going east in a car with a velocity of 
25 kmhr', a train appears to move towards north with 
a velocity of 25 V3 km/hr. The actual velocity 

(a) 5kmhr” (b) 25 kmhr! 

(c) 50 kmhr! (d) 53 kmhr! 


The area of a A formed with sides 5i + 3j — k and 


3i + 2j — kis 
(b) V3 


(a) V6 
o f 
2 


3 
(c) E 


At what angle should be the two forces 2p and „f2 p 
act so that the resultant force is A0 

(a) 45° (b) 60° 

(c) 90° (d) 120° 


What is the angle between P and the resultant of 


(P+0)ana(P-0)? 


(b) tan! (Q/P) 


(c) tan” (P/Q) 


A large number of particles are moving towards each 
other with velocity v having directions of motion 
randomly distributed. What is the average relative 
velocity between any two particles averaged over all 
the pairs? 


(d) zero 
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(a) 4v/x (b) 4zv towards east. The relative velocity of the helicopter 
(c) v (d) zv/4 as seen by the passengers in the train will be 

92. The magnitudes of the X and Y components P are 50 V2 km h” towards 


93. 


94. 


7 and 6. The magnitudes of the X and Y components 
of P + Q are 11 and 9, respectively. What is the 
magnitude of Q? 

(a) 9 (b) 8 

(c) 6 (d) 5 


A swimmer can swim in still waters with speed v and 
the river flowing with velocity v/2. To cross the river in 
shortest time, he should swim making angle @ with the 
upstream. What is the ratio of the time taken to swim 


(a) northwest 
(c) northeast 


(b) southwest 
(d) southeast 


. A truck travelling due north at 20 ms” turns west and 


travels at the same speed. Then the change in velocity 
1S 

(b) 20 V2 ms” northwest 
(c) 20 V2 ms” southwest (d) 40 ms? southwest 


(a) 40 ms” northwest 


. Avector F is along x axis. If F1-F2 is zero F2 could 


across in the shortest time to that in swimming across be 

over shortest distance? (a) (+k) (b) =i +j) 
(a) sin 0 (b) cos 8 (c) 4i +k) (d) —4i 

(c) tan 8 (d) cot 8 


A vector of magnitude a is rotated through angle 8. 
What is the magnitude of the change in the vector? 
(a) 2a sin 0 (b) 2a cos 80 

(c) 2a sin (8/2) (d) 2a cos (0/2) 


. A parallelogram is formed with a and b as the sides. 


Let dı and d, be the diagonals of the parallelogram 
then a? +b? = 


(a) (dj +d) /2 (b) (d?-d})/2 


95. Consider a vector F=4j -3 j. Another vector that is O? d? (d) d? = d? 
== 1 2 

perpendicular to F is 

(a) 4i = 3) (b) Tk 100. If A |= IB |, then what is the angle between A + B 

(c) 31-4) (d) 61 and A —B? 
96. A helicopter is flying south with a speed of (a) 90° (b) 60° 

50 km h”. A train is moving with the same speed (c) 30° (d) 0° 
Answers to Practice Exercise 3 

1. (b) 2 (a) 3. > (a) 4. (o) 5. (a) 6. (b) 7. (a 
8. (a) 9. (b) 10.“ (c) 11. (a) 12. (a) 13. (c) 14. (d) 

15. (c) 16. (d) 17. (b) 18. (d) 19. (b) 20. (a) 21. (a) 
22. (a) 23. (b) 24. (a) 25. (b) 26. (a) 27. (b) 28. (a) 
29. (d) 30. (a) 31. (b) 32. (a) 33. (a) 34. (b) 35. (b) 
36. (a) 37. (©) 38. (a) 39. (c) 40. (a) 41. (b) 42. (d) 
43. (o) 44. (b) 45. (b) 46. (c) 47. (d) 48. (b) 49. (b) 
50. (a) 51. (a) 52. (b) 53. (b) 54. (d) 55. (c) 56. (a) 
57. (a) 58. (d) 59. (b) 60. (d) 61. (b) 62. (b) 63. (c) 
64. (o) 65. (c) 66. (d) 67. (b) 68. (c) 69. (b) 70. (d) 
71. (a) 72. (d) 73. (b) 74. (a) 75. (a) 76. (b) 77. (d) 
78. (a) 79. (d) 80. (d) 81. (a) 82. (a) 83. (d) 84. (d) 
85. (a) 86. (c) 87. (o) 88. (c) 89. (a) 90. (d) 91. (d) 
92. (d) 93. (a) 94. (0) 95. (b) 96. (a) 97. (0) 98. (a) 
99. (a) 100. (a) 
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CHAPTER HIGHLIGHTS 


CHAPTER 


Frame of reference. Motion in a straight line: Position-time graph, speed and velocity. Uniform and non-uniform 
motion, average speed and instantaneous velocity. Uniformly accelerated motion, velocity-time, position-time 


graphs, relations for uniformly accelerated motion. Relative Velocity, Motion in a Plane, Projectile Motion, 
Uniform Circular Motion. 


BRIEF REVIEW 


Motion A body in motion keeps changing its position 
with respect to its surroundings with the passage of time. If 
the body does not change its position with respect to time it 
is said to be at rest. 


Frame of Reference A set of coordinates x, y, z and t 
is said to be a frame of reference. Frame of reference may 
be inertial or non-inertial. Inertial frame of reference is 
one which is either fixed or moves with a uniform velocity 
in the same straight line. Non-iner tial or accelerated frame 
of reference has an acceleration ‘a’. Newton’s laws are valid 
only in inertial frame. Pseudo or inertial vectors are to be 
applied to make the frame of reference inertial from non- 
inertial so that Newton’s laws may be applied. 


One-Dimensional Motion If the particle changes its 
position only in one of the x, y, or z directions with respect 
to time, then the motion 1s said to be one-dimensional. Since 
the particle moves along a straight line, the motion may also 
be termed as linear or rectilinear. 


Speed Thetime rate of change of distance is called speed, 


dx 
that is, v= — unit ms”. 
dt 


Velocity Thetime rate of change of displacement is called 


velocity, that is, v = £ . Unit ms", cm s~ and ft sin SI, CGS 
t 
and FPS system, respectively, v = LT”. 


Displacement The shortest distance between initial and 
final position of the particle is called displacement. 


Acceleration The time rate of change of velocity is 


— 


. dy Popa 
called-acceleration, a = PA units is ms, cm s? and ft s”? 
t 


in SI, CGS and FPS system, respectively, a = LT”. Speed, 
velocity or acceleration may be of four types. We define 
here velocity and others can be anticipated in similar terms. 


(a) Instantaneous Velocity The velocity, at a 
particular instant of time is called instantaneous velocity, 
for example, velocity, at 4.82 s may be expressed as 


dx 
If “wae constant throughout 


the motion and direction of motion does not vary 
throughout then such a velocity is called uniform 
velocity. Fig. 2.1 (a) shows displacement time graph 
and Fig. 2.1 (b) shows velocity time graph for a uniform 
velocity. 


(b) Uniform Velocity 


(m) m (ms™!) 


Displacement 


time (t) time (t) 


(a) (b) 


Fig. 2.1 Uniform velocity 


|22 _ 


dx 
(c) Variable Velocity If y; 18 not constant but varies at 


dx 
different intervals of time or a is constant but direction 


varies or both vary, then such a velocity is said to be 
variable velocity. Fig. 2.2 (a) illustrates x — t graph for 
a body moving with variable velocity and Fig. 2.2 (b) 
shows velocity Vs time variation for a body moving with 
variable velocity. 


(m) 


Displacement 
velocity 


time (t) (sec) | time (t) (sec) 


(a) (b) 
Fig. 2.2 Variable velocity 


(d) Average Velocity Itis that uniform velocity with 
which if the body would have moved it would have 
covered the same displacement as it does otherwise by 
moving with variable velocity. Thus 

_ total displacement covered 


av 


total time taken 


Average Velocity in Different Cases 


(i) Particles covering different displacement in different 
times Assume a particle covers s, displacement in ¢, and 
s, in time ¢, and so on then average velocity is 


Si +S, an, \ Nah Fi Sa Ty Tae 
y= BB l 
vi V3 V3 


Special case ifs = s, = s. 


2s 2v v, , 
= = ——— (harmonic mean) 
2g, HT 


v Vy 


(ii) Bodies moving with different velocity in different 
intervals of time A body moves with velocity v, in time 
t, v, in time ¢t, and so on then v, is given by 


Vit, FVaty +... 
oe 
Special case if t =t =t =... t =t 


V EV, tee HV 


Kinematics 


Equations of Motion 


(a)v=urtat 


l 
(b) s= ut + 5 at’ 


(c) v? — uw? = 2as 


S 
(D sp =u+ 5 (2n-1) 


The conditions under which these equations can be 
applied 

1. Motion should be 1-dimensional. 

2. Acceleration should be uniform. 

3. Frame of reference should be inertial. 
While drawing graphs compare your equation with 


the following and then draw (matching the equation) 
graphs 


1. y= mx +c straight line with positive intercept on 
y-axis. 
y = mx straight line passing through origin. 


y = mx —c straight line with negative intercept (on 
y-axis). 


Fig. 2.3 Straight lines 


2. xX + y? = & circle with centre at origin. 
(x — h)? + (y — k? = r? a circle with centre at 
(h, k). 


2 2 
X 


3: -~ p” | represents ellipse. 
2 2 


y 
4. . a | shows hyperbola. 


l 
5 y= y Orxy= k represents a rectangular hyperbola. 


See Fig. 2.4 (a) 


6. y=y,e“and y= y, (1 —-e™) represents exponential. 
See Fig. 2.4 (b) and (c). 
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\ Boyle’s Law 
t PV=K 


\ or Pa 


`Y 


(a) 
Hyperbola 


a 


“ P a 
fo sym- 


Exponential 


Fig. 2.4 


While dealing with two-dimensional motion convert 
the problem into two one-dimensional motions. Separate 
v and v similarly a, and a.. Treat the motion in x- and y- 
directions. | 


Projectile A freely falling body having constant horizontal 
velocity may be termed as a projectile. In general, in one 
direction the motion be accelerated and in another direction 
the motion is uniform, then such a motion 1s called projectile 
motion. Fig. 2.5 shows acceleration in y-direction and 
uniform velocity in x-direction. Such bodies follow parabolic 
path. 


gora 


Fig. 2.5 Projectile motion 


Oblique Projectile Motion Assume a projectile is 
fixed at an angle @ with horizontal, with a velocity u from 


u = using 


u = ucos@ 


Fig. 2.6 Oblique Projectile motion 


z7 


point O as shown in Fig. 2.6. Resolve velocity along x and 
y-axis. Along y-axis g acts then maximum height attained. 


u’ sin? 0 


2g 


h = 


max 


2u sin 0 


Time of Hight T= 


Jas 
20 
ami’ Note that the range 
8 


will be same if projected at complement angles, 1.e, 0 and 
(90 — 0) with same velocity. 


Horizontal Range R= 


2 
u 


Maximum Range R „= g when 0 = 45° 


gx 


Trajectory y=x tan 0- h y T 


or y=xtand f » 4 Path is parabolic. 
Instantaneous velocity = |v| 
= fe Py 4 ie +(u, - gt) 
= fu? +g t —2ugtsind 


u,—gt 


tan p = 
f u 


Range and Time of Aight along an Inclined 
Plane 


Consider an inclined plane of inclination a. Let a projectile be 
fixed at an angle 8 with the horizontal or at an angle (0 -— a) 
with respect to incline plane as shown 1n Fig. 2.7. 


2u sin(@ — a) 
The time of flight T' = gcosa 
2u° sin (8 -æ )cos8 
Range = ——— 77 
g cos a 


2 


u 
R= PE [sin (20 — a) - sin a] 


y y 
k ¢ 

7 2 

usin(@ — @) A | 


a \ gcosa 
Fig. 2.7 Projectile motion along an incline 
T 
Range R’ along the inclined is maximum if 20-a = > 


2 


m 
or 0-a= 5 — 0. That is, R’ is maximum when the direction 


[2.4 


of projection bisects the angle that the inclined plane makes 
2 


with Oy' and R' = . [1 — sin a] 


g cos’ a 
Note: In projectile motion along the plane, acceleration 
acts along x and y axis both. 


CIRCULAR MOTION 


Circular motion may be divided into two types (1) motion in 
a horizontal circle (11) motion in a vertical circle. In vertical 
circle acceleration due to gravity plays a role and hence 
speed at every point is different. We will deal with them 
separately. 


Horizontalcircularmotion Acceleration is continuously 
required to change the direction even though if the speed is 
constant. Therefore, equations of motion used in translation 
cannot be applied. We define new variables and equations 
to describe motion. 


(i) Angular displacement (9) Change in angular 
position (initial to final) is called angular displacement 
as shown in Fig. 2.8. Unit is radian. 


(ii) Angular velocity (@) Time rate of change of 
angular displacement is called angular velocity. w = 


dé 24 A 
ae Average angular velocity = T where T is time 


period of revolution. If a revolution is not completed 


_ angular displacement 


then œ, . Unit is rad s“. 


time taken 


Aa 


Fig. 2.8 Angular displacement 


(iii) Angular acceleration (a) Time rate of change 
of angular velocity is called angular acceleration a = 
do d’0 
dt dt 1 
=0,+at;@0=@,t+ ae t? and w- w; = 2a 0 can be 


. If angular acceleration is uniform, then @ 


applied. Here œ, 1s initial angular velocity, @ is angular 
displacement and ¢ is time. If a = 0, then particle moves 
in uniform circular motion. 


Note that speed v remains unchanged. 


Relation between vand @; a and a, 


v= ræ where r is radius of the circle. Note from Fig. 2.9 that 
velocity is tangential. 


Kinematics 


Fig. 2.9 Tangential or linear velocity 


a = ra where a, is tangential acceleration. Fig. 2.10 shows 
there are two accelerations, one along the radius called 
radial or centripetal or normal acceleration a. The other is 
tangential or along the tangent. Thus, net acceleration a „is 


Fig. 2.10 Net acceleration illustration 


a 
&,= fa? +a? and tan p= Pa respect to tangential 


t 


acceleration. 
2 


. my . 
Centripetalforce F = = mr œ°. It is a pseudo force 
and acts towards the centre. 


Centrifugal force The inertial reaction required to take 
into account the acceleration of frame of reference is called 
centrifugal force and is equal to -mr w°. 


Motion in a vertical circle When a body moves in a 
vertical circle then at the highest point 


2 
mv 


2 Mg OF Vi 


ın 


= „frg at the highest point. 


r 
Minimum velocity, v_ at point P can be determined using 
the fact that the body has come down by AL = AO + OL 


=r+rcos ĝas shown in Fig. 2.11. 


Fig. 2.11 Velocity at any point in a vertical circle 


a ae 
= V nin top 


Thus v? 


min P 


+2 gh 
=rg+2g (r+ r cos 0) 


| Kine matics 2.5 | 


or Vii p= 4 Brg + 2rg cos@ (1) motion is one dimensional or made so if two 
v_,, at the lowest point or bottom is obtained by using or three dimensional [by resolving]. 
0=0, cos 0=1. (ii) acceleration is uniform. 
OF Wie sons Mere (i11) frame of reference is inertial. 
Tension, if the string 1s used or normal reaction at any dy 
my? 7. If acceleration is variable then start with — =f (t) 
point P is obtained as T or N = + mg cos 0 (See Fig. dt 


and v= [fo dt 


8. If acceleration is variable and function of 
displacement or velocity. For example 


2.12) where v 1s velocity. 


a =—-ky’ 
dv dv dx ) 
fen eee or (oo f-k dx. 
dt dx dt V 
9. Note carefully the graphs for v = u + at as shown 
mv? — in figure. 
r y r 


Fig. 2.12 Tension at any point P in a vertical circle a is +ve a is —ve 


Short Cuts and Points to Note 


1. Slope of x — t graph is velocity, slope of v — t graph 
is acceleration. O 


l total displacement 
2. Average velocity v =- 


total time taken Ta vise 


_ #(t,)-x(4,) x +x, +... 


b L ti @) © 
ee aie Graphs for v= u+ at 
A ee i 
we 10. Note the graph for s =at +7 at’ carefully as shown 
vy, v 
ed . . a in figure. 
If a body covers equal displacement with different 
If uis +ve a is —ve 
ee eee 1 
velocities — = —| — + — boma i 
Viv VY, Va De ` 5 u is +ve 
If a body moves half distance with v, and other half n 
l ZWA 
with v, then v, =——~. 
H ERA 


If a body moves with different velocities in equal 
intervals of time then 


Vi oP Vin OP naan +v ; ; 
LE E ctic Mean) 


Va (b) 


n 


3. Area under v — t graph is displacement, area under 
a — t graph is velocity. 

4. When a body leaves a moving body it acquires its 
velocity but not acceleration. 


dx 
5. Instantaneous velocity v (t) = al 
6. Apply yeas Gar ae | 
»- Apply v=utat,s=u n OP (c) 


® 2 
Vy =" = Jay Se 


1 
=u + > (2n — 1) when Graphical representation of s = ut+ — af 


[2.6 


11. If a particle starts from rest with an acceleration 
a, after acquiring a maximum velocity the particle 
decelerates with $ and finally comes to rest in 


time ¢, then 
2 
Op . apt 
os p and distance covered s = Ea 
æ+ p 2(a + B) 


12. Time cannot be negative in physics. 


13. If in a projectile motion, direct formulae i are 
inapplicable, convert the problem into two one 
dimensional motions. 

Vey; 

t 

(vai +vgJ)- (vai +v,,J) 


14. Average acceleration v, = 


Va —V 
and direction £ = tan`! a2) : 
Vi — y, 
15. As far as possible apply vector laws to solve 
two dimensional problems if physical quantities 
involved are vectors. 
16. Problems on relative velocity can even be solved 
using vector laws. Use v, = V, — Vs 


Or V p = (va Va) tva -va )J ; tan 2 


Vay ` VB 
y y . . . 
= ——— with respect to x direction 
Vax — Vax 
2 2 
Was] = (Vax Yar) +(v4, -va ) i 


Va V N 
tan 8' = —=—= with respect to y-direction. 
-y 


Finding direction in two dimension motion 


17. Whenever solving problems for inclined plane, 
consider axis along the plane as x-axis and 
perpendicular to it as y-axis. See figure. 


=== 
geet ene eng 
== a=: 


u = usin(@ — ©) 


a = —gcosa@ 
y 


on 
gcosa 
§ 


Projectile motion along incline 


Kinematics 


u, = ucos(0-a&) 
Note: , along the plane. 
a, = -gsing 
u, = usin(O-@) l 
erpendicular to the plane 
perpendicular to the pl 
a, = —gcosa 
y 


1.e., use accelerated motion along both x and y axis. 


2h] 


a,| 
y 


2u sin(0 — 2 
E E a 


2, 


Note: T= | | is true everywhere. 
a 
y 


g cosa 


2 3.9 2 
, usin (0-a) u 


28 COSA 2la,| 


is also truein all cases. 


18. To find radius of curvature of a projectile at any 
2 


, v 
pointR=—. 

The velocity v and radial or normal acceleration at 
that point 1s used in the above relation. 


If vand a_cannot be determined then use 


19, Equation of trajectory means the relation between 
x and y. Try to establish relation between x and y 
by eliminating t. 

20. To cross the river along the shortest path the 
swimmer shall strike at an obtuse angle to the flow of 
river so that resultant velocity v is along the normal 
as illustrated in the figure provided v_, >v 


swimmer river 
. 2 2 . 
From triangle law v= WV —v, where v = velocity 
of swimmer and y, = velocity or river. 


l R 
If the width of the river is / then t = — = 
z 


2 2 
Vs —Y, 


voy 
$ r 


21. To cross the river in the shortest time (when V winna 


>V- Then the swimmer shall strike at right angle 
l 


to the flow of the river and A 


V wer 
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22. A particle is projected from the top of an incline as 
shown in figure a, = g sin a and a, = —gcosa. 


23. Net acceleration in circular motion 


2 2 . . . 
a= Jd +a; where ais tangential acceleration 
and a is radial acceleration. 


a, 
tan B=—. 
a 


24. If resultant of two motions is to be determined use 


V= V ty, = (vai +v, J) + (vai +v, J) 


=(v, +v,,)i+(v, +v, ) J. 


A = WC. +v, y +(v,, Hyj ) and 


(My t¥y ) l 
p = tan* | ——— | with respect to x-axis. 
Vis TY 


x 2x 


25. If a particle is projected from the top of a tower or 
from a height h then consider the point of projection 


as origin. So that displacement is —h. Using — h = 
2 


t 
using t--—. Find rand range = x = (ucos@) r. 


usin@ 


(0,0) 


26. If a person can throw a ball to maximum height 
h (vertically up) then the maximum horizontal 


a7] 


distance up to which he can throw the ball 
is 2h. 


27. Once a particle is thrown in a gravitational field, it 
will return only after time of flight. 


28. Ifa particle is thrown up, it will have same speed at 
the same height during ascent and during descent. 


29. If V ner < Yaa then one has to reach the directly 
opposite point on crossing the river. The drifted 
part on foot or by other means the minimise drift 
or minimum total time as per given problem. To 


minimize put first derivative zero. 


30. If the frame of reference is noninertial, make it 
inertial by applying pseudo vectors before applying 
Newton’s laws or equation of motion. 


31. Projectile attains maximum range when 0 (angle 
of projection) is 45°, on the same level. If projected 
from a height and. the projectile reaches ground 
then angle is less than 45° and 1s determined using 


aaa h 
a . where 


x =u, (time of flight) 
or x = u (time spent in gravitational field). 


32. Range will be same if a body is projected at 8 or 
(90 — 8) G.e., complimentary angle) with same 
velocity. 


33. Circular motion will be uniform if a, = 0 = a, 


1.e., angular velocity œ remains uniform and 
2 


radial acceleration a, = mia ro” remains constant 
throughout the motion. 


34. When a or a, is present, w varies with time. 
Assuming a = constant, apply 
@=0,+at;0=a,t+7 ot 

or @*—@,’=2a ð as the case may be. [Note v = u + at 
etc. cannot be used]. Also note v = rw, a, = ra and 

d0 d’0 
o= H and a = de ` 


35. Since a, and a, are at right angles to one another. 
Therefore a „1s given by 


a l 
a a= Ja? +a? and tan $ = P wrt. a, [See Figure] 


t 
. a= or a= UV, no work 1s done ın circular motion, 


1.e., in uniform circular motion work done is zero. 
Note that centripetal force and displacement are 
perpendicular to one another. Therefore, centripetal 
force does no work. However, work will be done 
if a, + 0 or a # 0 since tangential force acts in the 
direction of displacement. 


37. Ifthe particle moves from A to B in uniform circular 
motion with a velocity v then change in velocity 


_ 0 . 
Av=2vsin J and average acceleration 


38. 
39. 


40 


41 


e 


42 


43 
44 


45 


a = = C, 
= rO rO 
> 
B 
A 
. my" 
Centripetal force F= = mr æ’. 


Radius of curvature of a projectile at any instant 
2 


a 


r 


If a road is banked (the angle of banking = 0), then 


maximum speed a vehicle shall have while taking 
2 
v 
a turn is tan 0 = —. 
rg 


2 


7 
A cyclist will bend at 8 = tan" Z) while taking 
a turn. 


If friction is also present then on a banked road 
maximum and minimum velocity is determined as 


a 
v o =| 
= 1- utan 0 


and 
rg (tan0- u)? 
Vmin T 1+ utan 0 


In vertical circular motion, minimum velocity at 


any point P is v a» p= «Brg +2rgcos@ . Minimum 


velocity at the highest point is v =< rg and 


min, top i fin | 


minimum velocity at the bottom v 


min, bottom 


In vertical circular motion Tonon To, = 6 mg. 
ottom top 


If the velocity at the top of a vertical circle is known, 
then velocity at the bottom 1s given by 


E Viop + 2 (2r) g. If the body comes down a 


distance h then 


a 2 
Vp = Viop +2 gh. 


If the velocity at the bottom of a vertical circle is 
given, then velocity at any point P (say at a height 
h from the bottom) 1s given by 

Vp = Veottom T 2 gh 


2 _.2 
top V bottom 


In this way velocity at the top will be y 
—A gr. 


Kinematics 


2 
my 
46. Tension at any point T =~ + mg cos 0. If the 
particle is not tied to the string, then tension may 
be read as action or reaction. 


47. The difference between rotational motion and 
circular motion is that in rotational motion different 
particles of the body move in different radii about 
a fixed axis within or outside the body. In circular 
motion, all the particles move in the same radius. 


If the distance between the wheels (side wheels) 
is a, and centre of mass of the truck/vehicle is at 
a height h then the maximum speed it can have 


48 


POR gRa 
without overturning is v = ,J->-—. 


2h 


Caution 


1. In uniform motion y = V, 


= Converse is, however, not true. That is if Yv, =v, 
motion may or may not be uniform. 


. 1 
2. Applying v = u + at; s = ut + — ať etc. even when 
acceleration is not uniform. 
= When acceleration is not uniform and motion is 


l . dy dy 
not circular/rotational, use — = a or yv — =a 
dt dx 


dx 
or — = y. 
dt 


3. Applying v = u + at etc., without modification when 
frame of reference is non-inertial. 

= For example, if the lift is moving up with an 
acceleration a then the effective acceleration for a 
body falling from the ceiling is (g + a), 1.e., apply 
vector algebra or relative acceleration. 


4. Not differentiating between average and instan- 
taneous velocities. 


= If a particle travels according to the equation x = 
f+ 2t + 5 where x is in metres and ¢ in seconds. 


dx . . . . 
Then v = = is instantaneous velocity. While v,_ 


E x(t,)- x(t) 


—-"-___--* where t, and t are final and initial 
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5. Applying direct equations of projectile when 
starting or terminating points are not the same 
vertical height or vertical displacement between 
initial and terminating point is non-zero. 


= Apply one-dimensional motion approach—one 
along x- and the other along y-axis with time of 
flight as combining factor. 


u = usin§, 


O 
u = ucos@ 


6. Sticking to the origin at ground. 


=> When the particle starts from a height h, consider 
it as origin so that the vertical displacement when 


it reaches the ground is h, i.e., use 
2 


-h = kantr- 2 
2 


7. Not remembering common trignometric formulae. 
— Remember trigonometric relations like 
sin 20 = 2 sin cos8@, 


sin (180 — 0) = sin 0, sin (A + B) + sin (A +B) = 
2 sin A cos B and sin A sin B = cos (A= B) — cos 
(A + B) 


1 
cos Á cos B =o, [cos (A + B) + cos (A —.B)]. 


8. Considering vertical distance given in problems in 
projectile motion as h 


=> It is not necessary that vertical distance given be 
h œ if it is h „o then velocity at this point is only 
horizontal velocity, 1.e., vertical component of 
velocity is zero at the highest point. Otherwise use 
gx 

2u’ cos’ 0 


x 
ory=x tan 8} 1-— |. 
É ( a 


Even in some cases these equations are not suitable, 
or make the problem lengthy then use 


y=xtan 0- 


1 
y=u t- 7 gv?andx=ut 
9. Considering x = ut along an inclined plane. 
=> Along an inclined plane a, is also present. Find out 


1 
a and then apply x = u t+ 7 4 i 


EJ 


10. Considering 1f the projectile strikes a wall or an 
obstacle its time of flight will change. 


= Time of flight remains fixed unless it 1s trapped 
somewhere. 


11. Considering no acceleration acts in a uniform 


circular motion as y and œ remain constant. 


= Radial or centripetal acceleration 1s required for 
2 


a y 
changing direction continuously — = ræ 
r 


iS 


the radial acceleration acting in uniform circular 
motion. 


12. Applying equations like v = u + at, s = ut + % at’ 


etc. In horizontal circular motion 


=> v= u + at etc. cannot be applied. Instead apply 
w=, +at;, 0=w ftat ando’ =w} +2að. 

13. Assuming work must be done in circular motion as 
force is acting. 


=> Inuniform circular motion, no work is done as force 
and displacement are mutually perpendicular. 
However, work will be done in non-uniform circular 
motion. 

14. Assuming minimum velocity to be given to the 
particle to complete vertical circle 1s Jre : 


=> Minimum velocity to be given to the particle to 
complete vertical circle is ib rg at the bottom. 


15. Considering change in velocity in uniform circular 


motion is zero. 


e 


= Change in speed is zero. If the particle moves by 0 


then Ay = 2 v sin 2) 


16. Assuming velocity at any point will be given by the 


equation v = Brg + 2rgcos@ . 


= Thisisthe minimum velocity at any point. If velocity 


is other than minimum, then use y? =y? +2gh. 
any point top 


See below figure. 


S 
any point Viop 


h=r—rcos@ y? +2gr(l-—cos 9) 


If V, om 1S Known then y? —2 gh 


_ .2 
botto any point — Vbottom 


2.10 


From the figure. 


2 =y? 
any point — bottom 


—2gr(l1-cos 0) 


y 


17. If a car is accelerating on a circular road with 


accleration a then assuming a 1s the net acceleration. 


PRACTICE EXERCISE 1 
(SOLVED) 


1. A train A is moving with a constant speed v. When its 


3. 


4. 


driver sights another train in front of him on the same 
track and moving in the same direction with constant 
speed u. If the distance between the trains be x, then 
the minimum retardation of the train A so as to avoid 
collision is 

(a) (Vtuy/x 
(c) (v+tuy/2x 


b) -wx 
(d) v =u)? 2x 


A ball is thrown upward from the ground. It is at a 
height 100 m at two times ¢, and f, respectively. If 
g = 10 m/s’, then t t, is equal to 

(a) 10 (b) 20 

(c) 40 (d) 50 

Figure shows the graph of acceleration of particle as a 


function of time. Themaximum speed of the particle 
is (particle starts from rest) 


(a) 7 m/s (b) 8 m/s 
(c) 4 m/s (d) 16 m/s 

E 

= 

a 

= 

D 

(D) 

© 

< 


time(s) —* 


In 1.0 s, a particle goes from point A to B, moving in 
a semicircle of radius 1.0 m as shown in figure. The 
magnitude of the average velocity 1s 


18. 
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2 
v : 
Since — also acts. Therefore, net acceleration at 
r 


2 


yN 2 
; l Yy 
any instant will be a = =| +a 
r 
2 2 
= (ro) +a’. 


Considering like horizontal circle tension ın vertical 
2 


my 
circle is also in r œo? or ——. 
r 


2 


m 
In vertical circle T= —— + mg cos @ where v is 
r 


velocity at that point. 


(a) 3.14 m/s 
(c) 1.9m/s 


(b) 2.0 m/s 
(d) zero 


The velocity versus time curve of a moving point 
is as shown in the following figure. The maximum 
acceleration 1s 
(a) 1 ms? 
(c) 3ms? 


(b) 2 ms”? 
(d) 4 ms”? 


v (m/s ) ———> 


10 20 30 40 50 60 70 
t (second) ———}» 


The velocity versus time graph of a body moving along 
a straight line is shown. Then the displacement of the 
body in 5 sis 
(a) 3m 
(c) 4m 


(b) 5m 
(d) 2m 
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10. 


11. 


12. 


The displacement x of particle along a straight line at 
time ż is given by x= a, +a t+ af. The acceleration 
of the particle 1s 
(a) a, 

(c) 2a, 


(b) a, 
(d) a, 


A person travels along a straight road for the first 
half time with a velocity v, and the second half 
time with a velocity v,. Then the mean velocity v is 
given by 


vi +v, 


1 1 


2 
(a) ve b) S=—+— 
v v y, 


V2 
(c) v= NAN (d) v= fe 


A train starts from station A with uniform acceleration 
a, for some distance and then goes with uniform 
retardation a, for some more distance to come to rest 
at station B. The distance between A and B is 4 km 
and the train takes 4 hours to complete this journey. If 
acceleration and retardation are in km/hour’, then 


(b) TINS 


2 a d 


(c) aa, =1 


(d) none 


A ball 1s dropped from the roof of a tower of height h. 
The total distance covered by it in the last second 
of its motion is equal to the distance covered by it in 
first three seconds. The value of h in meters is 
(e = 10 m/s’) 
(a) 125 

(c) 100 


(b) 200 
(d) 80 


A train of length 150 m is going towards north direction 
at a speed of 10 m/s. A bird flies at a speed of 5 m/s 
towards south direction parallel to the railway track. 
The time taken by the bird to cross the train 1s equal to 
(a) 20s (b) 16s 
(c) 12s (d) 10s 


A body 1s released from a great height and falls freely 
towards the earth. Exactly one sec later another body is 
released. What is the distance between the two bodies 
2 sec after the release of the second body? 

(a) 49m (b) 9.8m 

(c) 245m (d) 50m 


13. 


14. 


15. 


16. 


17. 


18. 


19. 
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Average velocity of a particle moving 1n a straight line 
with constant acceleration a and initial velocity u in first 
t seconds is 


(a) ut at (b) u+at 
u+ at u 
(c) 7 (d) > 


Two balls are dropped from the same point after an 
interval of ls. If acceleration due to gravity is 10 m/s’, 
the separation between the balls, 3 seconds after the 
release of first ball 1s 
(a) 5m 

(c) 25m 


(b) 10m 
(d) 30m 


A particle moving in a straight line has velocity (v) 
and displacement (s) equation as y = Asi +5, where 
velocity v is in m/s and displacement s is in m. The 
acceleration of the particle is 

(a) 8 m/s? 

(b) 4 m/s? 

(c) depend on displacement 

(d) 16 m/s? 


A car accelerates from rest at a constant rate a for 
sometime, after which it decelerates at a constant rate 
f to come to rest. If the total time elapsed is ¢, the 
maximum velocity acquired by car is 


aß (a+ B) 
peu a bW o r 
(a) aa (b) = t 

a’ + Bp? a’ -p 
(c) a (d) aß t 


A particle starting from rest undergoes a rectilinear 
motion with acceleration a. The variation of a with 
time ¢ is shown in the figure. The maximum velocity 
attained by the particle during the motion is 


(a) 55 m/s (b) 550 m/s 
(c) 110 m/s (d) 650 m/s 
a(m/s^ 
A 
| 
aN 
| 

11 z(s) 


A block is released from rest on a smooth inclined plane. 
If S denotes the distance traveled by it from t = (n-1) 


n 


iS 


s to t= n s, then the ratio 


n+l 


2n 2n-1 

a b 
&) 2n-1 t 2n+1 
2n+1 2n 

d 
© 2n-1 3 2n+1 


A car starts from rest. It has to cover only a distance 
of 500 m. The coefficient of friction between the road 


|212 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


and tyre is 1/2. The minimum time in which the car can 
cover this distance is (g = 10 m/s?) 

(a) 20s (b) 10s 

(c) 30s (d) 15s 


The displacement x of a particle moving along a straight 
. n a, a 
line at time ris given by x=a, + ri + -~ (when a, 


a,, a, are constant). The acceleration of the particle is 
(a) a/2 (b) a/3 
(c) a, + (a/3) (d) (2/3) a, 


Two particles P and Q start simultaneously from A with 
velocities 15 m/s and 20 m/s respectively. They move in 
the same direction with different accelerations. When P 
overtakes Q at B, velocity of P is 30 m/s. The velocity 
of Q at Bis 
(a) 30m/s 
(c) 20 m/s 


(b) 25 m/s 
(d) 15 m/s 


A particle 1s projected from a point O with velocity u in a 
direction making an angle a upward with the horizontal. 
At P, itis moving at right angles to its initial direction 
of projection. Its velocity at P is 

(a) utana (b) ucota 

(c) ucosec a (d) useca 


In the previous example the time of flight from O to 
P is 


(a) u cosec a (b) u sina 
g g 

(c) u tana (d) u seca 
g g 


A particle is projected from O and is moving freely 

under gravity and strikes the horizontal plane through 

O at a distance R from it. Then which of the following 

is incorrect? 

(a) There will be two angles of projection if Rg < u? 

(b) There will be more than two angles of projection 
if Rg =u? 

(c) The two possible angles of projection are 
complementary 

(d) The products of the times of flight for two 
directions of projection is 2R/g 


The velocity of a particle P moving freely under gravity 

is 4.9 m/s, the direction being 30° with the downward 

normal 

(a) its acceleration normal to the direction of motion 
at P = 9.8 m/s? 

(b) the radius of curvature of P of the parabolic 
trajectory of particle is 4.9m 

(c) the particle has no acceleration normal to the 
direction of motion 

(d) the radius of curvature at P of the path depends 
upon the initial velocity of projection 


A boat which has a speed of 5 km/hr in still water 
crosses a river of width 1 km along the shortest possible 


27. 


28. 


29. 


30. 


31. 


32. 


33. 
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path in 15 minutes. The velocity of the river water in 
kilometres per hour is 
(a) | 
(c) 4 


(b) 3 


(dd) Jl 


A man running at 6 km/hr on a horizontal road in 
vertically falling rain observes that the rain hits him at 
30° from the vertical. The actual velocity of rain has 
magnitude 


(a) 6 km/hr 
(c) 6 Bb km/hr 


(b) 2.8 km/hr 
(d) 2 km/hr 


A boat which has a speed of 5 km/hr in still water 
crosses a river of width 3 km along the shortest possible 
path in t min. The river flows at the rate of 3 km/hr. The 
time taken f¢ is 
(a) 20 min 
(c) 45 min 


(b) 25 min 
(d) 55 min 


A truck travelling due north at 20 m/s turns west and 
travels at the same speed. What is the change in its 
velocity? 

(a) 40 m/s north-west 

(b). 20 y2 m/s north-west 

(c) 40 m/s south-west 

(d) 20 Z m/s south-west 


The angle with the horizontal should a ball be thrown 
so that its range R is related to time of flight T as R = 
5T’ is (Take g = 10 ms”) 
(a) 30° 
(c) 60° 


(b) 45° 
(d) 90° 


If a particle is projected from origin and its follows the 
1 . ee 
trajectory y = x- ~ , then the time of flight is (g = 


acceleration due to gravity) 


1 2 
(a) p= b) -= 

ve vs 
G 2. @ £ 


ve ve 


A monkey is climbing up a tree at a speed of 3 m/s. A 
dog runs towards the tree with a speed of 4 m/s. What 
is the relative speed of the dog as seen by the monkey? 
(a) >7m/s 

(b) between 5 m/s and 7 m/s 

(c) 5m/s 

(d) <5m/s 


The angle which the velocity vector of a projectile 
thrown with a velocity v at an angle @ to the horizontal 
will make with the horizontal after time t of its being 
thrown up is 
(a) 8 (b) tan™(0/t) 


vcos 0 


o (22) o (eee) 
vsin 0- gt vcos 0 
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34. 


35. 


36. 


37. 


38. 


39. 


A projectile is given an initial velocity of f +27. The 
cartesian equation of its path is (g = 10 m/s?) (Here 
í is unit vector along horizontal and j} is unit vector 
vertically upwards) 
(a) y=2x-5x 


(c) 4y=2x- 5x? 


(b) y=x-5x 
(d) y=2x=257 


A 15 gm ball is shot from a spring gun whose spring has 
a force constant of 600 N/m. The spring is compressed 
by 5 cm. The greatest possible horizontal range of the 
ball for this compression is (g = 10 m/s?) 

(a) 6.0m (b) 12.0m 

(c) 10.0 m (d) 8.0m 


A particle starts from the origin at t= 0 and moves in the 
xy plane with constant acceleration a in the y-direction. 
Its equation of motion is y = bx? where b is constant. 
The x-component of its velocity 1s 


zo 
b 
a a 

(c) » (d) 6 


The velocity at the maximum height of projectile is half 
of its velocity of projection u. Its range on horizontal 


(a) variable 


plane is 
3u’ 3 u? 
(a) — (b) B 
g 2 8 
3 u’ 7 
(c) —— (dy 
2 g 3g 


A body is moving with uniform speed v on a horizontal 
circle from A as shown in the figure. Change in velocity 
in the first quarter revolution 1s 

(a) v? (b) V2 v southwest 

(c) V2 northwest (d) 2v west. 


Two particles A and B are moving on two different 
concentric circles with different velocities v, and v, 
then angular velocity of B relative to A as observed by 
A is given by: 


D- —D V 
(a) aa (b) 24 
lg Ta Vs 
V, — L VD, +U 
o a A 
Vr, — FR rp tr, 


40. 


41. 


43. 


2.13 


A scooterist 1s approaching a circular turn of radius 
80 m. He reduced his speed from 27 kmh-' at constant 
rate of 0.5 ms”. His vector acceleration on the circular 
turn is 

(a) 0.86 ms”, 54° 
(c) 1.0ms7, 45° 


(b) 0.68 ms, 45° 
(d) 0.5 ms, 45° 


—_—_—P 
27 kmh 
80 m 


A particle moves in a circle of radius 4 cm clockwise 
at constant speed of 2 cm s'. If x and y are unit 
acceleration vectors along x and y axes, respectively, 
the acceleration of the particle at the instant half way 
between PQ is given by 


(a) 4-5) (b) 4(¢+5) 
(c) HD (d) ae 


na dak 


A circular track of radius 300 m is banked at an angle 


T radian. If the coefficient of friction between wheel 
of a vehicle and road is 0.2, the maximum safe speed 


of vehicle 1s 


(a) 28 ms“! 
(c) 18 ms“! 


(b) 38 ms“! 
(d) 48 ms! 


A small block slides with velocity 0.5 ¥gron the 
horizontal frictionless surface as shown in the figure. 
The block leaves the surface at L. The angle a is 


2.14 


44. 


45. 


46. 


47. 


(a) cos! 


(c) sin! A 
A mass attached to a string of length L is revolved in 
a vertical circle with least velocity. The string breaks 
when the mass reaches at the highest point. The mass 
describes a parabolic path, then range of body w.r.t. the 
lowest point 1s 
(a) L 

(c) 2L 

A particle slides from rest from the highest point of a 


vertical circle of radius r, along a smooth chord. Time 
of descent of the particle along the chord is 


r 
(a) Jg (b) 


(b) L 


2rg 


4r 


OR 2" (d) 
8 g 


A pendulum is vibrating with an amplitude of 5 radian. 


Value of a for which resultant acceleration of the bob 
directs along the horizontal is 


: 


(a) sin! 1/ V3 (b) cos! 1/ B 


2 


A small block 1s placed at the top of a sphere. It slides 
on the smooth surface of the sphere. The angle made 
by the radius vector of the block with the horizontal 
when the block leaves the sphere is 


(c) cos 


(a) 24° 
(c) 42° 


(b) 36° 
(d) 15° 


v 48. 


@ V2L 49. 


(d) sin’ 3 50. 
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A small ball describes a horizontal circle on the smooth 
inner surface of a cone. Speed of the ball at a height of 
0.1 m above the vertex is 


(a) 4 ms! (b) 3 ms”! 
(c) 2 ms” (d) lms! 
\ o / 
\ / 
\ f 


0.1 


m \ / 
| V 


Two balls P and Q are at opposite ends of the diameter 
of a frictionless horizontal circular groove. P is 
projected along the groove and at the end of T second, 
it strikes ball Q. Let difference in their final velocities 
be proportional to the initial velocity of ball P and 
coefficient of proportionally is e then second strike 
occurs at 


r 


SY 


(b) e/2T 
(d) T/2e 


(a) 2Tle 
(c) 2eT 


A jeep runs around the curve of radius 0.3 km at a 
constant speed of 60 ms"'. The resultant change in 
velocity, instantaneous acceleration and average 
acceleration over 60° arc are 

(a) 30 ms", 11.5 ms”, 12 ms” 

(b) 60 ms", 12 ms’, 11.5 ms? 

(c) 60 ms", 11.5 ms”, 12 ms” 

(d) 40 ms“, 10 ms’, 8 ms” 
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Answers to Practice Exercise 1 


(d) 2. (b) 3. (b) 
(c) 9. (b) 10. (a) 
(a) 16. (a) 17. (a) 
(b) 23. (a) 24. (b) 
(d) 30. (b) 31. (b) 
(d) 37. (b) 38. (b) 
(a) 44. (c) 45. (d) 
(b) 
EXPLANATIONS 


(d) v, =v-u, 2as =(v-u)> = 


1 
(b) 100 =ut -58t = 81? -ut+100=0; 


t,t, =— = 20 


1 
(b) Maximum speed = 5 x4x4 = 8 m/s 


(d) 
(a) Displacement of the body = 


(3x32) +axD-(5x1x2] =3m 


(c)x=a,+at+at 
dx d*x 
a =a,+ 2a, tor, 5 = 2a, 
(c) Displacement in the Ist half time = v1 
Displacement in the 2nd half time = v2r 
Net displacement = (v, + v,) t 
(vi tv, )t vty, 


Average velocity = 7; 5 


(b) 


velocity 


10. 


11. 


12. 


13. 


14. 


2.15 
5. (d) 6. (a) 7. (c) 
12. (c) 13. (a) 14. (c) 
19. (a) 20. (d) 21. (b) 
26. (b) 27. (b) 28. (c) 
33. (d) 34. (a) 35. (o) 
40. (a) 41. (0) 42. (b) 
47. (c) 48. (d) 49. (a) 
Qh = abh ee (1) 
=(t +t, Jat —~A4 By eee eee (2) 
ttt pete (3) 
a a 
(a) Let. the ball remained in air for n seconds. 
Then, $,=u+£(2n-1) =0+ (2m -1) 
S, =10n-5 n (1) 


The distance covered in first three seconds is also So 


seses osooo 


Here § = Lr = * (10)(3)° = 45 
2 2 
From (1) and (2)n=5 


1 
~ h= 5 (10)(5) =125m 


(d) Given that length of the train = 150 m 


m lengthof the train _ 150 _ 10s 
relative velocity 15 


1 5 
(c) §S=—¢(3*-2?)=—¢ =245m 
a ) 58 


(a) Average velocity 


1 2 
displacement t3” 
<)> = —___ = _=_ 
time t 


1 
(c) x, = 5 x10x(3) = 45 m and 


x, = =x10x(2) = 20m 


x- xX, =45-20= 25m 


2.16 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


oe 
ds Wl+s 


Acceleration = v a = 8 m/s? 
ds 


(a) Let maximum velocity of car V = at, and V = ft, 


ap 


and t= t +t, on solving V= ——! 
a 


+B 
(a) Velocity increases as a > 0. So area of the graph till 


11 seconds =5x10x11 = 55 m/s 


(b) S, = u+>(2n-1)= z (2n-1) (-u=0): 
Spa = 5 (2n+1) 


S, (22) 
S 2n+1 


n+l 


(a) Maximum acceleration and maximum retardation 
1 
of the car can be ug or (Z) = 5 m/s?. The corre- 


sponding velocity time graph is as follows. Let t, be the 
time of acceleration and retardation. Then, 


Vin = Mgt, = St, 


Now displacement = areas under v - t graph. 
1 
Hence 500 = z (2% )(5t0) of = los 


Total time of journey is 21, or 20s 


>< 


(d) Acceleration = d's = a 
d? 3° 
(b) The average velocity is the same, when overtaking 


takes place. 
15 + 30 = 20 + v or, v = 25 m/s 


(b) v cos (90 — a) = v sin & = u cos &;, v=u cot a 


Kinematics 


23. (a) v= g¢t= (g cos a)jt =u cota 


ucota u 1 Uu COSEC a 


{= = - = 

gcosa g sina g 
J a 

2u° sin &@ cos & 


£ 


24. (b) The range R= 


R 
sin 2a = 2 
u 


l R , , 
sin 2a, = sin 2a, => 2 sin 2a, - sin La, = (0 
u 
or, 2 cos (a, + @,) sin (@, -a,)=0 


If Rg < W, a, +a, = p/2; if Rg = u’, a = a, = 11/2 


2u sin æq, 2usin &, 
tt, = —— x —— 
& £ 
_ 4u° sin a, cos a, 2R 
= eee 8 = —— 
8g 8 


sincea, + a,= 7/2 
25. (b) The acceleration is g cos 60° 


£ 
g cos 60° = 7 = 4.9 m/s? 


v? id 
The radius of curvature is ~~ = 4.9; r= 49 =49m 


26. (b) Distance covered in 15 minutes = 5 km/hr X ae 


= 1.25 km 
Extra distance along river covered = (1.25)? - (D? 
= 0.75 km 
0.75  —_0.75x4 
(15/60) hr l 
27. (b) Velocity of rain = Velocity of man + Relative 


Velocity of river = = 3 km/hr 


V. 
velocity of rain OR gives the actual velocity. tan 30° = —— 


1 6 OR 
—_ = — or, = 643 
V3 OR 
O 6km M 
Relative 
velocity 


Kine matics 


OPUNE.: -OE ee 
28. (c)t = Dt E = 45 minutes 


29. (d) AV =V;-V:=V; +(-Vi) 


B __ 20 m/s A 


20 m/s ê 


Æ 20 mis 


P. 50 J2 m/s 
G 


2.17 
34. (a) 


The desired equation is Y=* tand— — ~ or 


2u° cos’ 0 
(10)(x") or y =2x-5x 


8 


a (600)(5x107) 
Substituting the values R „= = 


(15x10°)(10) 


2 2 
35. (c) R „= —at 0=45° {7 J a 


2o; . 2 10.0.m 
30. (b) ” es Sate 6 =45° 
8g 8g dx 
=~ = Dhx — 
36. (d) 7 J 
31. (b) Equation of traject - xtang— L8 d? dx dx! d 
. (b) Equation of trajectory, y 9 u? cos? O 2Y = q = 2bx 2 +26( $1] pe 
t dt dt dt’ 
ey >. SC (1) 
tan =1 o, dx fa 
ucos0 = Jg * dt 2b 


g g ye 


37. (b) Given that ucosĝ0 =u/2 or cos 8= 1/2 


sin 0 = yi cos? 6) = (1-1/4) =.8/2 


u’ sin 20 B 2u° sin cos 0 


Te. g g 
33. (d) According to figure du? (VB / 2) (1/2) Bu 
v'cos& = vcos0 =—— = 
g 2g 


v'sina = vsin 0 — gt 


v'sina vsin@- gt 


38. (b) For quarter revolution 


A v=v,(-1)-v,j or A v=-vi-vj 


' y'cosa vcos@ 
Av = yu’ +0" = J2v 
eae - 0- e) 
<e. Q= T canes V 
vcos 0 Also a = tan"! a 45° 


Av = mM v south west. 


39. (a) Assuming the particles to be the closest, relative 
velocity 
v, = [ös Da] =0,-», 


and relative position vector, 


FB —FA 


= = x 


p18 


40. 


41. 


42. 


43. 


f U. : l 
Using w = ,> We get relative angular velocity. 


U, URZU, 


o= = 
o Br 


r 


(a) Centripetal acceleration 
vo _ (21x100 %7 fo 
45 y 3600 


TIKI: 2 
= g0 = (0.703 ms 


Net acceleration, a = vi? +a, 


where a, = tangential acceleration = 0.5 ms? 
"a= 703? +0.5° = 0.86 ms?and 


es 0.703 


= -1 = -l — o 
0 = tan a =tan™ p5 54 
(c) Mid point acceleration, 
2 
vo 4 , , 
a= a = 1 ms! at 45° with x axis 
ser > 
Q, 
ff i FIN 
f z \ 
i ; d \%y 
| 1 TD 
jQ 
ka Pi 
a, =-— a cos 45° x 
1 E A 1 A” 
TE xX P- TN 
ia * 
ay =—asin45°y 


19-5 ae y 

v2 v2 

> + 1 P 

Thus â =a, +a, =- fF (x+ 
uS @=a, +a, P“ y) 


(b) Maximum velocity, 


_ | (e+ tan é k 
mx || 1- utan 0 


1/2 
0.2 + tan15° 
300 x9. 

lect aad J 


= 38 ms! 


— 


(a) Here cos a= 


or -h=rcosa-r 


or h=r(l-—-cosa) 
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m 
At L, mg cos a= a 


m 2 
= "Hv +( dehy | 
or mgcosa= mf Ler-+2gh) 


= Ft per +2gr(l -cos 3 


r 


1 
or cosa= j t2-2cosa 


3 9 
or 3cosa= orcos a= 
4 4 


or a= cos" 3/4 
44. (c) Velocity at the highest point, 


o= $E 


Height of the mass = 2L 


Time taken to fall = | ea = pe 
8 8 


Horizontal distance covered 
=0,t= JL x ALT g 
2L 


45. (d) Note HH’ =2HO’=2rcosa 
Using s = 1/2 at’, we get 


2 r cos a = 1/2 (g cos a) £ 


> 4r 
or f= — ort= J— 
g 


46. (b) Tangential acceleration, a, = g sin a and radial 


acceleration, 
v 2glcosa 
a =— =—-—— =2gcosa 
r l l 
a, 
Also tan a = “a, 
2gcosa 2 


=“ gsina tana 


or tan?a = 2 i.e., sec? a= 3 


Kine matics 


1 
or —, 
cos“ a 


= 3 or cos a = t 


1 
or az=cos! ~s 
s 


2 
47. (c) Using j = mg sin 0 


paa O 
—é....... 
R 
| 
where v= Senh 
R-h 
and sin ĝ = Rp we get 
pd 
R = mg sin 
=mg El 
R 


or h=R/3 and sin 8 = 2/3 
or 8 = 42° 


2 
48. (d) Using ns = cos 0 


and mg = R sin 0 


gR 
we get tan 0 = 2 


R 8k. 


Or p =p? Le. 05 feh 


PRACTICE EXERCISE 2 
(SOLVED) 


1. A ball is thrown up with a certain velocity so that it 
reaches a height h. Find the ratio of the times in which 


h 
it is at 3 
(a) (b) 
V2 +1 V3 w2 


1 
d = 
(d) : 
h r 1 
Solution (b) 12 = 2gh; 3 =V2gh t- gPorgr—2 


2h 
2gh i+, =0. 


49. 


50. 


i 0.1m 


orv= J0x0-1 = 1 ms! 


(a) Let u be the initial velocity of ball P, then u = pull 


and difference in final velocities, v' —v = eu (given) 


Time for second strike = oo = id 
D—D eu 
2ar IT 
` Jar e 
ex aT- 


b A V É 2v sin 3 = 2 x 60 sin 30 = 60 ms"! 


Instantaneous acceleration 
2 2 
D 60 3 
NSF o3xio00 = 12 ™s 
Time taken to cover the arc 
a 300 


3 * 6 


using At = à = — 
y y 


average acceleration a = 


Qohtfoh—(8eh): 
TT 
i _4 2 gh -Afek 33-1) 
T on afSah + 2fTISGTD 
3-03) 
© 3443-1 


The displacement of a particle varies with time as 
x=ae"+b e where a, a, b, p are positive constants. 
The velocity of the particle 


2.20 


(a) will be independent of a and £ 
(b) drop to zero when a = $ 

(c) go on decreasing with time 
(d) go on increasing with time. 


Solution o2 = -aa €e™ + bB e” as t increases 
t 


at 
decreases and bf e” increases. 


3. Convert given v — x shown in Figure to a — x graph. 
(IIT Screening 2005) 


(a) (b) 


a 


Kine matics 
at B 1 
= á dx 2ax+b` 
dv —2a dx —2a 
= = =—2a v’. 


dt (2ax +b) dt (2ax +b) 


A car starting from rest accelerates at the rate fthrough 
a distance s, then continues at constant speed for time 


t and then decelerates at rate I to come to rest. If the 


total distance covered is 15 s, then 
(a) s= 77 (b) s= 


(c) s=- (d) s= 


(AIEEE 2005) 


Solution (a) s =v, t and v, 2t, =2s 


Distance moved with uniform speed (15 —3)s=12s 


v= A sf í 12s=v,t 
ft’ 
12s=t sf rs= 77 


A projectile can have the same range R for two angles of 
projection. If t, and ¢, are the times of flights in the two 
cases, then product of the time of flights 1s proportional 
to 


1 
(a) R° (b) a 
x 1 
(c) (c) — (d) R 
á (AIEEE 2005) 
i 2u sin @ 2u cos @ 
Solution (a) equation of given curve is v= | 1-— | v solution (d) 7, = t= and 
x,} ° 8 g 
0 
2u’ sin20 2R 

t A = rr = — 


a- AE hE) 
dt Xy at X Ki 
4. The relation between time ż and distance x is t = ax? + 
bx where a and b are constant. The acceleration is 
(a) —2a by’ (b) 2 bv? 
(c) —2 av? (d) 2 av? 
(AIEEE 2005) 


Solution (c) t= ax + bx or = 2ax+b 
x 


& 8 


A particle is moving eastwards with a velocity 5 ms”. 
In 10 s, the velocity changes to 5 ms” northwards. The 
average acceleration in this time is 


(a) a NE 


J 


(c) zero (d) = ms? NW 


v2 


1 
b) — ms? N 
(b) > 


[AIEEE 2005] 


| Kinematics 


Solution (d) a = 


v =V; = 5i—-5i 
10 


— 1 -2 
a N ms ~ NW. 

8. A parachutist after bailing out falls 50 m without 
friction. When parachute opens, it decelerates at 2ms”. 
He reaches the ground with a speed 3 ms™. At what 
height did he bail out? 
(a) 91m (b) 182m 
(c) 293 m (d) lllm 

Solution (c)v?=2gh=2x 10 x50d 


2 
ER É 2x10x50 


| = 293 m. 
—2(2) 


9. InFigure, the position time graph of a particle of mass 
0.1 kg is shown. Find the impulse at t = 2 sec. 
(a) 0.2 kg ms“ (b) —0.2 kg ms"! 
(c) 0.1 kg ms“ (d) —0.4 kg ms”! 
Solution (a) dp = F.dt=m w- 0)=0.1 (2) =0.2 kg ms! 


X (cm) 


N 


S ean 
ON] anm == a m 


t (s) 


10. When a ball is thrown up vertically with a velocity 
v, it reaches a height A. If one wishes. to triple the 
maximum height then the ball be thrown with a 


velocity 
(a) V3 V (b)=3 v 
(c) 9v, Aw. 
[AIIMS 2005] 
Solution (a) v? =2ghorv= J2gh,ie, “= |” 
V5 h, 
ays 3 V 


11. Acar starts from rest, moves with an acceleration a and 
then decelerates at b for sometime to come to rest. If 
the total time taken is ¢, the maximum velocity is 


abt a't 

b 
Oln o =e 
at b’t 

c d 
(c) a+b (d) a+b 


[BHU 2005] 


Solution (a)v=O+at,;0=at,—b(t-t,) 
bt B abt 
a+b 


or t= any 
! a+b max 
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12. From the top of a tower, two stones whose masses are 
in the ratio 1 : 2 are thrown, one straight up with an 
initial speed u and the second straight down with same 
speed u. Neglecting air resistance, 

(a) the heavier stone hits the ground with a higher 
speed. 

(b) the lighter stone hits the ground with a higher 
speed. 

(c) both the stones will have same speed when they 
hit the ground. 

(d) the speed cannot be determined with the given data. 


Solution (c) 


13. Two runners start simultaneously from the same point 

on a circular 200 m track in the same direction. Their 
speeds are 6.2 ms and 5.5 ms™'. How far from the 
starting point the faster will overcome the slower? 
(a) 150m away from the starting point 
(b) 170 m away from the starting point 
(c) 120 m away from the starting point 
(d) none 


Solution (b) 200 = (6.2 —5.5) tor t = 285.714 s 


s = (6.2 x 285.714) = 1770 m (faster), 1770 — 8 x 200 
= 170 


Thus 170 m away from the starting point along the track in 
the direction of run. 


14. A particle moves according to the equation x= 2? —5t 
+ 6. Find (1) average velocity in the first 3 sec and (11) 
velocity att=3s. 

(a) 1ms',7ms! (b) 4 ms“, 3 ms"! 
(c) 2 ms”, 5 ms”! (d) 3 ms, 7 ms”! 


Solution (a) x 6)=2 B} -5 3) +6 = 93x (0) =6 
x(3)-x(0) 9-6 
= i 


Ze ' 
dl 41-5 = 4G) -S=7 ms 


12.22 


15. Plot acceleration time graph of the figure shown 


ms! 


Solution (a) 


16. A girl after being angry throws her engagement ring 
from the top of a building 12 m high towards her boy 
friend with an initial horizontal speed of 5 ms", speed 
with which the ring it touches the ground.is 
(a) 5ms! (b) 14.3 ms"! 

(c) 1.5 ms” (d) -16.2 ms” 


Solution (d) v7 = 2ay=2~x 10x12 


v= ¥25+240 = 16.2 ms”. 


17. The driver of a train A running at 25 ms” sights a train 
B on the same track with 15 ms“'. The driver of train A 
applies brakes to produce a deceleration of 1.0 ms”. If 
the trains are 200 m apart, will the trains collide? 

(a) yes 

(b) no 

(c) collision just avoided 
(d) none of these 


25° 15" 


x] 


Solution (c) v- u? = 2as ors = = 200 m. 

18. Two cars A and B are 5 m long each. Car A is at any 
instant just behind B. A and B are moving at 54 km/h 
and 36 km/h. Find the road distance covered by the car 


A to overtake B. 
(a) 35m (b) 30m 
(c) 32.5m (d) 27.5 m 


Kinematics 
Solution (a) v,,= 15- 10 = 5 ms” 
A 
— B 
— 
P 10 m > 
x 
X,,= 10 m; t= Æ 2g 
VAB 


Road distance covered = v, t + length of car A 
=15x2+5=35m. 


19. A flowerpot falls off a window sill and falls past the 
window below. It takes 0.5 s to pass through a 2.0 m 
high window. Find how high is the window sill from 
the top of the window? 


Window Sill 


u=0 
h 
| 
(a) 10cm (b) 7.5 cm 
(c) 12.5 cm (d) 15cm 


1 
Solution (c) = ur+5 a? 
1 
or 20 =uC5)+5\ 7 
or u=1.5ms". 
Using v? — u? = 2gh 


1.5° 229 


h= 


20. A particle moves according to the law a = —ky. Find the 
velocity as a function of distance y, v is initial velocity. 
(a) v =v; -ky (b) v =v- 2ky 


(c) v= vf- 2y? (d) none 
dy dv dy 
Solution was = dy ora 


or f vdv = f; -kydy or vy. — v? = ky’. 


dy 
21. A particle moves according to the equation J 72- pv 


where a and £ are constants. Find velocity as a function 
of time. Assume body starts from rest. 


(a) TR (1 — e+) (b) v= = (1 - e’ 
a p 


-2 -$t — a ft 
(c) v r e (d) v 7 e 


Kinematics 


v —Bd t 
solution ©; -5 = -Afia 


22. 


(a — py) 2 
or log ~z __ = -ft orv= 8 (1 -e*) 
A boat moves relative to water with a velocity v and 
river is flowing with 2v. At what angle the boat shall 
move with the stream to have minimum drift? 
(a) 30° (b) 60° 
(c) 90° (d) 120° 


Solution (d) Let boat move at angle 0 to the normal as 


shown in the Figure, then time to cross the river = 


23. 


l 
cos ` 


= usin 


drift x = (2v — v sin 0) : for x to be minimum. 
vCOS 
a Te ee er 
zg Oo (2 sec @ tan 0 — sect 0) or sin =7 
or 0 = 30° and ¢ = 90 + 30 = 120°. 


A car starts moving rectilinearly from rest with 5 ms”? 
for sometime, then uniformly and finally decelerates 
at 5 ms”? and comes to a stop. The total time of motion 
equals 25 s. How long does the car move uniformly? 
Given V , = 72 km/h during motion. 
(a) Ss (b) 10s 
(c) 15s (d) 20s 


Solution (c) Total distance covered = area under v — t 
graph. From Figure. 


24. 


u (ms) 


20 x 25=5t +S- 2t) 5t, 
or  5t°-—125t +500=0 
or (t -5) (t -20)=0 
=> t =5 s discard t = 20 s. 
A ship moves along the equator to the east with a speed 
30 km/h. Southeastern wind blows 60° to the east 


with 15 kmh”. Find the wind velocity relative to the 
ship. 


2.23 


l 
(a) 39.7 kmh", tan~! 5 Nof W 


(b) 23.7 kmh", tan! + Nof W 


=. U 


(c) 37.5 kmh", tan™! — N of E 


n 


(d) none 


Solution (a) v =v, -v, 


25. 


= (15 cos 60 ê + 15 sin 60 J )- 30° 


|v |= Y9.5)° +(7.5 =39.7 kmh" 


Co > 


t ee, E E 
an P= 375% 


f = tan” 2 North of West. 


A ball is thrown up with a velocity v and it returns to 
the spot of throw. Plot v —t and v — x graphs. 


Solution v =u + at 


26. 


and a = — g is a straight line 


v? — u* = 2 ax is parabolic 


v=u+t+atanda=-gisa 
straight line 


From a tap 10 m high drops fall at regular intervals. 
When the first drop reaches the ground, the Sth drop 
is about to leave the tap. Find the separation between 
2nd and 3rd drops. 


35 31 
a) —m b) —m 
(a) 3 (b) 3 
(c) i m (d) none of these 


8 


Solution =a = 10 


ort= 2s 
ve 
4 


time interval At = 


l 
Tap À 


2.24 


36 10m 


27. When a ball is h metre high from a point O, its velocity 
is v. When it is h m below O, its velocity is 2v. Find 
the maximum height from O it will acquire. 


2v 
2h Sh 
@) = O) = 
(c) = (d) 2h 


Solution ©) 2v} -v = 2g (2h) 


2 
or La h; 
2g 3 
h „=A+ 2h _ Q 
3 3 


28. The first stage of the rocket launches a satellite to a 
height of 50 km and velocity attained is 6000 kmh” at 
which point its fuel exhausted. How high the rocket 
will reach? 
(a) 138.9km 
(c) 88.9km 


(b) 188.9 km 
(d) 168.9 km 


2 


Solution (b) / = F +50 km 


(5000/3) + 50 = 188.9 k 
= 20x1000 To d 


29. A particle moves according to the equation t = Vx + 
3, when the particle comes to rest for the first time 
(a) 3s (b) 2.55 
(c) 3.55 (d) none of these 


Kine matics 
Solution (a) x = (¢- 3) 


cae 2 3)=0 3 
v= ian (¢-—3)=Oort=3s. 
30. A particle of mass m is projected with a velocity 6i + 


8 J . Find the change in momentum when it just touches 


ground. 
(a) 0 (b) 12m 
(c) 16m (d) 20m 


Solution (c) Ap = m (v,- v) 
=m[(6i -8)- (6 +8Jj)]=—l6m j. 
| Ap |= 16m 


31. A particle is projected with a velocity 6f +87,3m 
away from a vertical wall. After striking the wall it 
lands at ..... away from the wall. 

(a) 3m (b) 3.3m 
(c) 5.5m (d) 6.6m 


2u. 


32. The radius vector of a point A relative to the origin 


varies as r=ati + bej where a and b are positive 
constants. Find the equation of trajectory. 


b b 
(a) yey wv b) y= x 
a a 
a? 
(Cc) y= > x (d) none of these 


2 
Solution (a) x = at, y= bf ory=b = 
a 
33. A particle moves in the xy plane as v= aj +bx J where 
i and j are the unit vectors along x and y axis. The 
particle starts from origin at t = 0. Find the radius of 
curvature of the particle as a function of x. 


oe () eh) l 


a 


3 


(c) 2 EG | (d) none of these 
a b 


| Kinematics 


Solution (b) < =aorx=at 


aie: = bat" = bx! 
dt — d = 2a 
d’ b 
Be x and a 
dx a dx a 
3 3 
2 |2 2 12 
(2) | a(t) | 
r dx a 
= Py — 5 
dx? a 


N| Ww 


col 


34. A man riding on a flat car moving with 10 ms’. He 
attempts to throw a ball through a stationary hoop 5 m 
above his hand such that the ball moves horizontally 
through the hoop. He throws the ball with 12 ms” with 
respect to himself. Find the horizontal distance from 


where he throws the ball. 
(a) 15m (b) 14.2m 
(c) 16.7m (d) 18.2m 
u 
Solution (c) h, =5 = 2 nu =10 
u =4/12? -10? = 444 
u, 
TEE TEA = — =15; 
2 g 


X=V. =10+/4 = 16.7 m 


35. A body standing on a long railroad car throws a ball 
straight upwards, the car is moving on the horizontal 
road with an acceleration |. ms~. The vertical velocity 
given is 9.8 ms’. How far behind the boy the ball will 
fall on the railroad car? 


(a) im (b) =m 

(c) Em (d) 2m 
2u, 9.8 

== 7 X-— s25: 


Solution (d) T= F E 


l 
x=7 a,17=— (1) (2)? =2m. 


36. Find the average velocity of a projectile between the 
instant it crosses one third the maximum height. It is 
projected with u making an angle @ with the vertical. 
(a) ucos@ (b) u 
(c) usin 0 (d) utan 0 

Solution (c) Note carefully the vertical velocities at the 

same height are in opposite directions and therefore their 


2.25 


average sum = 0. It is horizontal velocity which is uniform 
and hence v „= usin 6 (= u ). 


u = usin@ 


37. A person is standing on a truck moving with 14.7 
ms on a horizontal road. He throws a ball so that it 
returns to him when the truck has moved 58.8 m. Find 
the speed of the ball and angle of projection as seen by 
a man standing on the road. 

(a) 22.5 ms", 53° (b) 24.5 ms", 53° 
(c) 19.6 ms", vertical (d) none of these 


Solution (b) 


58.8 
T= —— =s 
14.7 
2u. 
T= — = 4w. u = 19.6 ms”! 
g y 
v= W147? +19.6 
= 24.5 ms” 
tan p= 222E on g = 53° wrt horizontal 
es 147 3 TÊ 3° wrt horizontal. 


38. Six persons are situated at the corners of a hexagon of 
side /. They move at a constant speed v. Each person 
maintains a direction towards the person at the next 
corner. When will the persons meet? 


l 21 

ia b) < 
@ D > 
Go = eo =. 

2v v 


l l 
Solution (d) t = — = 1. —— 
Vag V, —V,in the direction of A 


| a 
~ y-vcos60 v`’ 


39. The compass needle of the airplane shows it is 
heading due North and speedmeter indicates a velocity 


2.26 


240 km A~. Wind is blowing 100 km h~ due east. Find 
the velocity of airplane with respect to earth. 

(a) 260 ms“, 23° E of N 

(b) 260 ms”, 23° W of N 

(c) 260 ms”, 32° E of N 

(d) none 


Solution (a) v, = 100 î +240 j 


v= (240) +100? = 260 ms"; 


g = tan" (x) =23° E of N. 


40. In an exhibition, you win a prize if you toss a coin into 
a small dish placed. The dish is on a sheep 2.1 m away 
at a height A from the hand. The coin is tossed into 
the dish if its velocity is 6.4 ms” at an angle of 60°. 


Find h. 
(a) 1.2m (b) 1.35m 
(c) 1.5m (d) 1.65m 
Solution = 
Oo c) y = x tan 0 — ———_—_ 
)y 2u’ cos’ 8 
2 
= 2.1 tan 60 — es a 
2x64 “(> 
2 
4.9x4.4 
s21 — 
v3 10.24 
=1.5m 


41. A volunteer is rotated in a horizontal circle of radius 
7 m. Find the period of rotation for which the 
acceleration is equal to 3g 
(a) 2.61 s 
(c) 3.07s 


(b) 2.87 s 
(d) 3.31s 


2r 4r’ 
Solution (c) a=r|—| =3gor7 > 
T T 
= 3g or T = 3.07 s. 


42. A ferris wheel with radius 14 m is turning about a 
horizontal axis through its centre. The linear speed of 
the passenger on the nm is 7 ms”. Find the acceleration 
of a passenger at the highest point. 

(a) 6.3 ms?’ downwards (b) 3.5 ms’ upwards 


(c) 13.3 ms? upward (d) none 
mv? 
t r 
f m Ñ 
y? 2 
Solution (b) a=— = a 3.5 ms”? upward 
r 


Kinematics 


43. An annular ring with inner and outer radii R, and R, is 
rolling without slipping with a uniform angular speed. 
The ratio of the forces experienced by the two situated 
on the inner and outer parts of the ring is 


R R 
(a) = (b) — 
R, R, 
R 
c) l dy + 
(c) (d) R, 
F mRo* R 
i dy ote ee A 
Solution (d) PF, mR,o R, 


44. A given shaped glass tube having uniform area of 
cross-section is filled with water and is mounted on a 
rotatable shaft as shown in figure If the tube is rotated 
with a constant angular velocity œ, then 

[AIMS 2005] 


s@e ee eres ee eee eee eee 
seeeee ee eeseeee eee e eee & 


ee ee ee 


(a) water level in A will rise and fall in B 

(b) water level in both A and B will rise 

(c) water level in B will rise and will fall in A 
(d) water level remains same in both A and B 


2 


Solution (b) extra force F = M? and extra pressure 


A 2A 
Increases the level in the two. 
45. A pendulum was kept horizontal and released. Find the 


acceleration of the pendulum when it makes an angle 
0 with the vertical. 


g sin 0 


(b) g fi+3sin’ 0 


(d) 2g cos 0 


(a) g 41+3cos’@ 
(c) g sin 


RR E 


2 2 
Solution.) > = mg l cos @ or 1 = 2g cos 0 


and = Yra = 
=g ¥43c0s?0 


g sin oy +(2g cos ay 


gsin@ tan 
tan B= ~ i= 
f v 2 
l 


46. A circular track of radius 100 m is designed for an 
average speed 54 km/h. Find the angle of banking. 


1 3 1 2 
(a) tan` 20 (b) tan- 40 


(c) tan`! D (d) none of these 


2 15x15 9 
Solution t b= i = = = 
o a a T a 
= tan 
40 


47. A fighter plane is pulling out for a dive at 900 km/h 
in a vertical circle of radius 2 km. Its mass is 5000 kg. 
Find the force exerted by the air on it at the lowest 
point. 

(a) 2.0625 x 104 N upward 
(b) 2.0625 x 10° N downward 
(c) 2.0625 x 10° N upward 
(d) 2.0625 x 10* N downward 


2 3 2 
Solution.) 4. mg = %10 X25 5 S408 
r 2x 10° 
= 2.0625 x 10° N upward. 


48. A particle of mass m rotates ina circle of radius a with 
a uniform angular speed œw. It is viewed from a frame 
rotating about z-axis with w. The centrifugal force on 
the particles is 


(a) m œa (b) m oza 
(c) m i : w (d) m wwa 
Solution œ) 


49. A motorcyclist is going on an overbridge of radius R. 
The driver drives with a constant speed. As the motor 
cycle is ascending on the overbridge, the normal force 
on it 
(a) increases 
(c) remains unchanged 


Solufion (a) 


50. A particle is going in a spiral path as shown in Figure 
with constant speed. Then 


(b) decreases 
(d) fluctuates 


2.2/ ~ 


nr 


(a) its velocity is constant 

(b) its acceleration is constant 

(c) magnitude of its acceleration is constant. 

(d) The magnitude of acceleration decreases 
continuously 


Solution c) 


51. A person applies a constant force F on a particle of 
mass m and finds that the particle moves in a circle of 
radius r with a uniform-speed. v when seen from an 
inertial frame of reference. 

(a) This is not feasible 
(b) Some other forces whose resultant varies in 


magnitude and direction also act on the particle 
2 


mv 
__ towards the 
r 


(c) The resultant of other forces is 


centre 
(d) none of these 


Solufion (b) 


52. Find the tension in the pendulum at the extreme position 
if amplitude is 8, 
mv 


(a) — (b) 


v 
_ +mg cos 0, 
r 


2 
(c) mg cos 0; (d) úd — mg cos 0; 


Solution (©) At the extreme position v = 0; therefore 
T = mg cos 6,. 
53. Find the radius of curvature of a projectile at the highest 


point, fired with a velocity v, making an angle @ with 
the horizontal. 


(a) v’ sin’? @ O) v’ sin’ @ 
g o 2g 
2 2 0 2 2 
Oo o o 
2g g 


54. A track consists of two circular points ABC and CDE 
of equal radius 100 m and joined smoothly as shown. 
Each part subtends a right angle at its centre. A cyclist 
weighing 100 kg together with the cycle travels at a 
constant speed 1 km h™ on the track. Find the normal 
force between the road and the cycle just before and 
just after the cycle crosses C. 


2.28 


D 


(a) 682, 682 N (b) 732, 682 N 
(c) 732, 732 N (d) 682, 732 N 


Solution (d) just before crossing C 


2 
my 


N = mg cos 45 - 


r 


100 x5? 


= 100 x 10 x .707 - = 682 N 


2 


just after crossing C N = mg cos 45 + 
= 707 + 25 = 732 N 


r 


55. An inclined plane ends into a vertical loop of radius R. 
A particle is released from a height 3R. Can it loop the 
loop? 

(a) Yes 
(c) Cannot say 


(b) No 
(d) Yesiffriction is present 


5 
Solution (a) To complete the loop minimum height be 5 R 


56. A particle has velocity J3rg at the highest point in a 


vertical circle. Find the ratio of tensions at the highest 
and lowest point. 


(a) 1:6 (b) 1:4 
(c) 1:3 (d) 1:2 
2 
Solution ©) 7,,,=—— -mg 
= 2 mg; 
fo  _ mgd 
Toum 2g +Omg <4 l 


57. A caris moving on a circular track of radius R. The road 
is banked at 8. u is the coefficient of friction. Find the 
maximum speed the car can have. 


Rg (sin 0 + ucos0) h 
a = 
cos0+ usin0 


Rg (cos 0 + usin 0) h 
WOD e a 
cos0-— usin0 


Rg(sin 0 + ucos0) 2 
(c) | ———_— 
cos @- usin 8 


(d) none of these 


ecm 0+ u) f 


Solution (©) vna = l- utan0 


max 


_| Rg(sin0 + ucos0) f 
7 cos 0 — usin ® 


Kine matics 


58. A1gcoinis placed on an L.P. record 10 cm from the axis 
of rotation. The coin is not displaced. The minimum 
value of coefficient of friction 1s if rotation speed 


1 
is 33 3 1pm. 
(a) 0.09 (b) 0.1 
(c) 0.12 (d) none of these 


Solution (c) mr œ? = u mg 
2 
ox 2x2) 
_ 3 60 
10 


~ 8l’ 


59. A projectile is launched from a height h making an 
angle @ with the horizontal with speed v . Find the 
horizontal distance covered by it before striking the 
ground. 


Solution -4 =v, sin 8 1—— gt 


or gf=2v sin @t-2h=0. 


, 2v, sin + q sin” 0+8gh 


28 
[v sin 0+ fv sin? 0+ 2gh | 


u sinĝ 
(0,0) u 


v, cos@ 


x= 


60. A baseball is projected with a velocity v making an angle 
0 with the incline of indication a as shown in Figure. 
Find the condition that the ball hits the incline at right 
angle. 


(a) cot 0 = tan 0 
(c) tan 0= sina 


(b) sin 0 = cosa 
(d) cot 0 = cos a 


2u, 2vsinð 


Solution (a) T= 7 = 


la, | gcosa 


. It will hit vertically the 


incline if v =0. 


Kinematics 


O=vcosOT-gsinaT 
2 
a oesi ES _ gsing es -0 


g cosa 2 g cosa 


2 
2v" sin [cos @cos a -sin asin 0| = 0 
g cosa 


or cot@=tana 


v= vcos@ 


65. 


61. An elevator is moving with 2.5 ms’. A bolt in the 
elevator ceiling 3 m above the elevator falls. How long 
does it take for the bolt to fall on the floor of elevator? 
(a) 0.731 s (b) 0.762 s 
(c) 0.782 s (d) 8.31s 


Solution c) : g Ê = 3 Uling = Y, 7 O because bolt will 
also get a velocity 2.5 ms". 


t= 46 =0.7825 


62. A point moves on the xy plane according to the law 
x =a sin wt and y =a (l — cos wt) where a and œw 
are positive constants. Find the distance covered in 


or 


time t.. 
(a) awt, (b) Ja +2a’ cosat, or 
sin ot cos ot 
(c) 2a 2 (d) 2a , or 
Solution v = a cos wt and 
v = aq sin wt 
or v = aw cos cot î + ao sin wt j 
or |v|= aw. 
s=|v|t=aot. 
63. A particle moves with a deceleration œ „y . Initial 
velocity is v. Find the time after which it will stop. m 


Po 
(@) we 
2. 


k 


vo 
OS 


(c) (d) none of these 


Solution c) z =-k 


64. 


A 
Then t= 


2.29 


A particle moves according to the equation v = atx. 
Find the average velocity 1n the first s metres of the path. 


vs 


ot ©) 
a 2a 
2 2 
© F @ 


Particle A moves uniformly with velocity v so that 
vector v is continually aimed at point B which moves 
rectilinearly with a velocity u < v. Att = 0, v and u 
are perpendicular. Find the time when they converge. 
Assume A and B are separated by / at t = 0. 


Solution A approaches B with a velocity = v—ucosa. 


dx 
— =y-ucosa 
dt 


N ax = f, (v—ucosa@)dt 


pv = [-cosads 
u 


—vy(l — vt) 
u 


ut = f vcos adı or ut = 
(v? — u°) = ly 


ly 


From point A located on a highway, one has to get by 
a car as soon as possible to point B located in the field 
at a distance / from point D. If the car moves n times 
slower in the field, at what distance x from D one must 
turn off the highway. 


Solution Let v be the velocity in the field and nv in the 
velocity on the highway. 


D-x 2 ge 
and t, = 


For ¢ to be minimum - (t,+1,)=0 
x 


2.30 Kinematics 


= ye 
d Ei AD =) lp 4g? i öt | = ug — a? 
dt |v n ; 


1 x ; or v= [(u2e? — a2) r]. 
n P +x? ' ' 

69. Two strings are tied 2 m apart on a rod and on the other 
or P+x=n'x’, end a mass 200 g is tied as shown in Figure. Each string 
ae l is 1.25 m long. Find the tensions T, and T, if the rod is 

1 rotated with 60 rpm. 
A —_—“i-— > 
ND 4 
art 


| | 2m 
eB 


67. A table with smooth horizontal surface is rotating at a 
speed w about its axis. A groove is made on the surface 
along a radius and a particle is gently placed inside the C 
groove at a distance a from the centre. Find the speed R 
of the particle with respect to the table as its distance 


from the centre becomes /. (a) ° X: aN A ©) ps N, : 
(a) v=al (b) v=@ (l-a) (C4. en (d) 5. 4. 
a(l+ 
(c) v= a(i+a) (d) v= oN | a Solution ©) Seas T and T,. 
2 Look into Figure carefully 
i F_ mox d , T, cos 0 + T, cos 0 = mrw2 
piu Non Oe m aa aie T sin 0 = T, sin 0 + mg 
dv dx or (7,+T,) (0.6) 
aa ala ; 
x =0.2 x (= (21)? 
vdv = w’xdx 4 
[vay = | w°xdx or T +T,=10 
0 a 
J 0.2x10 
EaR I - E Tel] = ae 
. | 2 sin @ 0.8 
T 


1m 


68. Acar moves on a horizontal track of radius r, the speed 


. . dv l 
increasing constantly at rate P7 =a. The coefficient of 
t 


\ 
J 
friction between road and tyre is u. Find the speed at a 
which the car will skid. ree e 
(a) gpt 0) fuer E a 
(c) [(u2g? + adr (d) K 70. A car 1s moving on a horizontal circular road of radius 


100 m with a uniform speed 10 ms™. It suddenly 
accelerates at 1 ms. The acceleration is 
(a) 1 ms? (b) V2 ms? 


2 2 
l "E 2 y 
Solution (c) net acceleration is ja" + (=) > Ug (c) 2 ms? (d) 5 es 


| Kine matics 


Solution (©) 


71. 


A particle is projected with a velocity u making an 
angle 0 with the horizontal. What is the radius of 
curvature of the parabola where the particle makes 
an angle 6/2 with the horizontal? 


Solution v = u cos 6;v =u sin 0- gt 


or 


72. 


0 v, usin- gt 
tan| — | = — = — ~. 
2 V, 


u sin 0 — gt = u cos @ tan (0/2) 


ucos@ 


y= v = u’cos’0 (1 tan? | 


_ u’cos’é 
cos’ (0/2) 

eat , v? u’ cos’ @ 

radius of curvature r= — = ————_.. 
g gcos’ (0/2) 

A mass m is released from the top of a vertical circular 
track of radius r with a horizontal speed v,. Find 
angle 0 where it leaves the contact with circular track. 


Solution v = v% +2gh= v; +2gr(l -cos 0) 


OT 


73. 


2 2 
a las 2mg (l- cos 0) 


r r 
2 


Condition of leaving “ae mg cos 0 


mr 
mg cos 0= —— + 2mg (l —cos 0) 
r 


mv" 
ri AFT x : 
f poe 
f 1 #0 
i 10 #0 \ 
| wo m8 | 
| ae j 


A small object slides without friction from the height 
H = 50 cm and then loops the vertical loop of radius 
r = 20 cm from which a symmetrical section of angle 
2 a has been removed. Find angle a such that after 
losing contact at A and flying through air, the object 
will reach point B. 


2.31 


2 
Solution 


h=2.5r—r(1+cos a) 


= mg [2.5r—r(1+cosa)]; 


a 
7 a 
vi = gr(3 — 2cos a) 
vi sin 2a ; 
Range = AB = 2r sin a= ——_—_ or v, CoS a= gr 
or sS gr[3 — 2cos a] 
cos æ 


or 2cos?a-—3cosa+1=0 
(cos a-— 1) (2cos& — 1) =0 or cosa = 1 

or cosa= 1/2 
a=0 ora = 60° asa +40 ~.a =60°. 

74. A pipe of length / contains a liquid of density p. Area 
of cross-section of the pipe is A. It is rotated about one 


end with an angular velocity œw after sealing both the 
ends. Find the force acting on the liquid. 


Solution Consider a small element dx at a distance x from 
the axis of rotation. Mass of liquid in the element dm = p 
Adx ; dF = dm x w*=w* pAx dx 


a is 


Apo 


E= f, w? pAxdx = 


75. A spotlight is fixed 4 m from the vertical wall and is 
rotating at a rate 1 rads~!. The spot moves horizontally 
on the wall. Find the speed of the spot on the wall when 
the spotlight makes an angle of 45° with the wall. 

(a) 4 ms” (b) 6 ms” 
(c) 8 ms” (d) none of these 


Solution (c) s is the spot light shown in Figure. and x is 
the distance moved by spot in time t. 


2.32 


AY 


| x= 4m 


x 
From Figure — = tan o 
y 


x= ytan 


and —— 
dt 


v= 4 (2) 1 (when 0 = 45°, ọ = 45°) = 8 ms". 


76. A coca-cola bottle is whirled in a horizontal circle 
of radius r as shown in Figure. Where will the gas 
stay? 


g 0 


(a) atthe neck 
(c) at the bottom 


(b) in the middle 
(d) anywhere 


Solution (c) F= m r œ’ the smaller the mass, the more is 
the radius to maintain the same force 


Note: This is the principle of cream separator from milk, 
centrifuge machines used .in laboratories and even the Earth 
is built in the same way. Heaviest masses close to the axis 
and the lightest at the surface. 


77. A particle moves from A to B in uniform circular motion 
with a velocity œ. 


B 
x 


(a) The average acceleration during A to B = Avg 
acceleration during A to X. 


Kine matics 


(b) |an (AX) =|a,,, (XB) 


(c) AV, =AV,,=0 
(d) JAV, =V3 |AVaxl . 


Solution (6), (d) |Av,,| 
= 2 V sin 30 |AV.3| = 2 V sin 60 


|AV;s} = V3 AV x: 


78. Aparticle moves along a vertical circle of radius r with 
a velocity V8rg at Y. If T., T Ty T, represent tension 
at A, B, X and Y, respectively, then 


(a) T,=T, (b) T,-T,=6 mg 
(e) T,-T,=6 mg (dd T,>T, #6 mg 
Solution (a, c) 
mv? 
1 =1,s ra 


79. A ring moves in a horizontal circle of radius r with a 
velocity w in free space the tension is 


(a) 2 mr œ? (b) mr œ? 
mro? mro’ 
d PEE 

(c) 5 (d) ay 


Solution (d) ” r 62)o’ r 
2ar 


=2T sin @ 
= 2 T 0 assuming @ to be small. 


mro’ 
2am 


===- cos 0 


| Kinematics 


3. 


PRACTICE EXERCISE 3 
(UNSOLVED) 


A car moves in a semicircular track of radius 700 m. If 
it starts from one end of the track and stops at the other 
end, the displacement of car is 

(a) 2200 m 

(b) 700m 

(b) 1400 m 

(d) none of these 


Displacement-time graph of a body is shown 
below. Velocity-time graph of the motion of the 
body is 


(m) 


-i 


|] 
l 
| 
|] 
|] 
i 
2 


t —> 


For figure of Q.3, the acceleration-time graph of the 
motion of the body is 


2.33 


A boy.can throw a stone to maximum height of 
50m. To what maximum range can he throw this 
stone and to what height so that the maximum range 
is maintained? 

(a) 100m, 100m 
(c) 200 m, 50m 


(b) 100m, 25m 
(d) 100m,50m 


A player throws a ball upwards with an initial speed 
of 29.4 ms". The height to which the ball rises and the 
time taken to reach the player’s hands are 

(a) 22.05 m, 38 s (b) 44.11m, 6s 

(c) 294m,6s (d) 54.5m,9s 


It was known that a shell fired with a given velocity and 


Sm 
at an angle of projection 36 radian can strike a target 


but a hill was found to obstruct its path. The angle of 
projection to hit the target should be 


(a) Data is insufficient (b) — radian 


(c) a radian (d) candid radian 

36 26 
For the velocity-time curve shown below, the distance 
covered by a body from 5th to 7th second of its motion 
1S ----- fraction of the total distance covered by it. 


ee ee eo oe e 
a oe oe ee 


(PSE eas anaes on boson tases ow es 
ON a 


| 


2.34 
(a) 2/9 (b) 9/2 
(c) 1/2 (d) 2/3 
8. A vehicle moves west with a speed of 50 ms” and then 


10. 


11. 


12. 


towards north with a speed of 50 ms” only. Total time 
taken by the body is 5s. What is the average acceleration 
of the body? 
(a) 0 

(c) 14ms? 


(b) 50 ms? 
(d) 20.4 ms? 


A body is projected at an angle 8 with the vertical with 
kinetic energy KE. What is the kinetic energy of the 
particle at the highest point? 

(a) KE cos? 0 (b) KE sin? 8 

(c) - (d) KE tan? 0 

A ball is thrown from the ground to clear a wall 3 m 
high at a distance of 6 m and falls 18 m away from the 
wall, the angle of projection of ball is 


2 

-1 > =| — 

ai 42 

(c) tan 5 (d) tan 4 


If the velocity of the motorcycle v is constant, then 
determine the velocity of the mass as a function of x. 
Given that ends P and R are coincident on Q when x = 0. 


XU A +x? 
E (b) 
= VH? +2 XU 
() can o 
DX (vx) 


Three points are located at the vertices of an equilateral 
triangle having each side as a. All the points move 
simultaneously with speed u such that first point 
continually heads for second, the second for the third 
and the third for the first. Time taken by the points to 
meet at the centre is 


CLL ee 
Fi Y 


13. 


14. 


15. 


16. 


17. 


Kinematics 


a 2a 
(a) 7 (b) TN 
©) % @ 22 
u 2u 


A wall clock has a 5 cm long minute hand. The average 
velocity of the tip of the hand reaching 0600 hrs. to 
1830 hrs. is 

(a) 2.2 x 107! cms"! 
(c) 5.6 x 107 cms”! 


(b) 1.2 x 10* cms”! 
(d) 3.2 x 10° cms”! 


A particle leaves the origin at t = 0 and moves in the 
positive x-axis direction. Velocity of the particle at any 


instant is given by v = u a- s]; If u = 10 ms” and 
d 


t = 5s find the x coordinate of the particle at an instant 
of 10s. 


(ms7') 


(a) O 
(c) 20m 


(b) 10m 
(d) -10m 


The acceleration of a particle is increasing linearly 
with time ¢ as ft. If the particle starts from origin 
with initial velocity u, the distance travelled by it in 
t second is 


l 3 l 3 
(a) ut + a (b) ut+ ae 


A 


i 
(c) ut+ 3 pt? (d) ut+ 
A drunkard takes a step of 1 m in 1 s. He takes 5 
steps forward and 3 steps backward and so on. The 
time taken by him to fall in a pit 13 m away from the 
start is 


(a) 26s 
(c) 37s 


A jeep moves at uniform speed of 60 kmh! on a straight 
road blocked by a wall. The jeep has to take a sharp 
perpendicular turn along the wall. A rocket flying at 


Kinematics 


18. 


19. 


20. 


uniform speed of 100 kmh” starts from the wall towards 
the jeep when the jeep is 30 km away. 


i mt 
(c) (d) 

21. A projectile is required to hit a target whose coordinates 
relative to horizontal and vertical axes through the point 
of projection are (a, $). If the gun velocity is J2 ga, 

The rocket reaches the windscreen and returns to wall. it is impossible to hit the target if 

Total distance covered by the rocket is 3 il 

(a) 100 km (b) 50 km (a) B ai a (b) p27 a 

(c) 25 km (d) 75 km 4 4 

A marble rolls down from top of a staircase with (c) $ =a, a (p 2 4’ 

Sy a a A te: 22. A stone is allowed to fall from the top of a tower and 
cover half the height of the tower in the last second of 
its journey. The time taken by the stone to reach the 
foot of the tower is 
(a), Q-2)ss b) 4s 
(c) Q+ ¥2)s (d (2+¥2) s 

23. A balloonist is ascending at a velocity of 12 ms” 
and acceleration 2 ms”. A packet is dropped from 
it when it is at a height of 65 m from the ground, it 
drops a packet. Time taken by the packet to reach the 

If each step is y metre high and x metre wide, the marble ground is 

just hits the edge of the nth step when n = (a) 5s (b) -5s 

xu’ u’ (c) 7s (d) = s 
(a) — (b) — 5 
ae ; x ( > 24. Two shells are fired from a cannon with a speed u each 
(c) 2yu (d) 4 yu at angles of a and f, respectively, to the horizontal. 
gx gx The time interval between the shots 1s T. They collide 
in mid-air after time ¢ from the first shot. Which of the 

A particle experiences a fixed acceleration for 6s after following conditions 1s not satisfied? 

starting from rest. It covers a distance of s, in first two (a) a>B 

seconds, s, in the next 2 seconds and s, in the last 2 (b) tcosa=(t-T)cos Bf 

seconds then s, : $, : $} 1s (c) (t-T)cosa =t cos fp 

o F -i (d) (usin a) r-5 gf = (usin p U- T Xe -TY 

A football dropped from a height onto an elastic 25. A river is flowing from west to east at a speed of 

net, stretched horizontally much above the ground 5 metres per minute. A man on the south bank of the 

rebounds. The graph for the motion is river, capable of swimming at 10 metres per minute 
in still waters, wants to swim across the river in 
— the shortest time. He should swim in a direction 
al (a) due north 
| (b) 30° east of north 
rs ~ (c) 30° north of west 
(d) 60° east of north 
/ ae 26. A rocket is projected vertically upwards, whose time 
velocity graph is shown in. The maximum height 
(b) reached by the rocket is 


27. 


28. 


29. 


30. 


31. 


2040 80 60 a a 


t (sec) 


(a) 1km 
(c) 20 km 


(b) 10km 
(d) 60 km 


A small disc is lying on the top of a hemispherical bowl 
of radius R. The minimum speed to be imparted to the 
disc so that it may leave the bowl without slipping is 


b) v=2 JgR 


(a) v= J5 
(©) v= Jer (d) v= JoeR 


The quantity which remains constant for a body moving 
in a horizontal circle, is 
(a) kinetic energy 

(c) force 


(b) acceleration 
(d) velocity. 


Force F varies with time in accordance with the 
following figure. The mean force will be 


| 


Fy 
(a) F, (b) a 
(c) 2F, (d) Zero 


A body 1s released from the top of a tower. The body 
covers a distance of 24.5 m in the last second of its 
motion. The height of tower is 

(a) 59.8m (b) 44.1 m 

(c) 39.2 m (d) 49m 


A meter scale is suspended freely from one of its ends. 
Its another end is given a horizontal velocity v such 
that it completes one revolution in the vertical circle. 
The value of v is 


(a) a3 m/s. 
(c) a2 m/s. 


(b) a6 m/s. 
(d) II m/s. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


Kinematics 


A block slips with constant velocity on a plane inclined 
at an angle 9. The same block is pushed up the plane 
with an initial velocity v,. The distance covered by the 
block before coming to rest 1s 


a) vo b) vo 
2g sind 4g sin 8 
(c) vo sin’ 0 (d) vo sin’ 0 
2g 4g 


A ball is dropped from a height of 19.6 m. The distance 
covered by it in the last second is 

(a) 196m (b) 14.7 m 

(c) 4.8m (d) 9.8m 


A particle is projected upwards. The times corresponding 
to height A while ascending and while descending are t, 
and t, respectively. The velocity of projection will be 


(a) gt, (b) gt, 


(c) att, +t) (d) = 


A frictionless wire is fixed between A and B inside a 
sphere of radius R. A small ball slips along the wire. 
The time taken by the ball to slip from A to B will be 


c) 24RTg (d) et 


Starting from rest, a body takes 4 seconds in slipping 
from top to bottom of an inclined plane. The time taken 
by the same body in covering one quarter distance on 
the same plane from rest will be 

(a) ls (b) 2s 

(c) 4s (d) 1.6s 


A 150 meter long train is moving towards north with 
a velocity of 10 m/s. A parrot is flying in the south 
direction parallel to tram at 5 m/s. The time taken by 
the parrot in crossing the train is 

(a) 12s (b) 8s 

(c) 15s (d) 10s 


A passenger train is moving with speed V,, on rails. 
The driver of this train observes another goods train 
moving in the same direction with speed v, (v, > v,). 
If on applying brakes, the retardation produced is a, 
then the minimum distance covered by the passenger 
train so that it may not collide with the goods train 
will be 


Kinematics 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


2. 9 
Vi ~V~, 


(a) 


(b) ——— 


œ Mo) 
2a 
(d) information is incomplete 


Two balls A and B are simultaneously thrown. A 
is thrown from the ground level with a velocity of 
20 ms™ in the upward direction and B is thrown 
from a height of 40 m in the downward direction 
with the same velocity. Where will the two balls 
meet? 

(a) 15m 
(c) 35m 


(b) 25m 
(d) 45m 


A body falls freely from the top of a tower. It covers 
36% of the total height in the last second before striking 
the ground level. The height of the tower is 

(a) 50m (b) 75m 

(c) 100m (d) 125m 


A ball is thrown from a height of 12.5 m from the ground 
level in the horizontal direction. It falls at a horizontal 
distance of 200 m. The initial velocity of the ball 1s 
(a) 40 m/s (b) 80 m/s 

(c) 120m/s (d) 20 m/s 


The distance traveled by a body in fourth second 1s twice 
the distance traveled in seconds. If the acceleration of 
the body is 3 m/s’, then its initial velocity is 


3 

(a) 5 m/s (b) 5 m/s 
7 

(c) 5 m/s (d) z mis 


A bullet of mass 20 gm and moving with a velocity 
of 200 m/s strikes a sound and comes to rest after 
penetrating 3 cm inside.it. The force exerted by the 
sand on the bullet will be 
(a) 11.2 x 108 dyne 
(c) 13.3 x 108 dyne 


A bullet, moving with a velocity of 200 cm/s penetrates 
a wooden block and comes to rest after traversing 4 
cm inside it. What velocity is needed for traversing a 
distance of 6 cm in the same block 

(a) 104.3 cm/s (b) 136.2 cm/s 

(c) 244.9 cm/s (d) 272.7 cm/s 


(b) 15.7 x 108 dyne 
(d) 18.6 x 108 dyne 


Two projectiles each of mass m are projected with 
same velocity v making an angle a and f from the same 
point in opposite directions. Find the change in their 
momentum at any instant. 


(a) 2mv sin (a + f) 


(b) 2mv sin 7 


(c) 2mv cos (a + p) (d) 2mv cos = 


46. 


47. 


48. 


49. 


50. 


51. 


2.3/ 


An aircraft is flying at a height of 2800 m above the 
ground. The angle subtended by it in 10 s is 30°. Find 
the speed of the aircraft 
(a) 150 ms! 
(c) 140 ms“! 


(b) 100 ms"! 
(d) 125 ms“! 


A rifle with a muzzle velocity 1500 fts-! shoots a bullet 
at a small target 150 ft away. How high above the 
target must the gun be aimed so that the bullet hits the 
target? 

(a) 2.02 inch 
(c) 1.82 inch 


(b) 1.72 inch 
(d) 1.92 inch 


A body 1s projected up an inclined plane of inclination 
b at elevation a to the horizon with a velocity v. The 
maximum range up the inclined plane 1s 


(a) v? (b) v’ sin2B 
2g g 

v d v’ sin2a 
(0) g(l+sing) bo) g 


A 5g bullet is fired into a 195 g block initially at rest 
at the edge of a table of height 4.9 m. The bullet gets 
embedded in the block and after the impact the block 
lands 2 m from the bottom of the table. The initial speed 
of the bullet is 
(a) 2m/s 

(c) 40 m/s 


(b) 80 m/s 
(d) 20 m/s 


A rod length Z slides down along an inclined plane and 
the ground as shown in the figure. At any instant the 
velocity of end B is v, then the velocity of end A at the 
same instant will be 


— * 
B v 
vsin a (b) vcosa 
sin f cos f 


(c) vcos(a-ß) (d) vcos(a+ ß) 


A sitting cat in a field suddenly sees a standing dog. 
To save its life the cat runs away in a straight line with 
constant velocity u. Without any time loss the dog 
starts with a velocity v>u to catch the cat. At the initial 
moment v perpendicular to u and / is the separation 
between them. If the dog always heads towards the cat, 
the time after which the dog catches the cat is 


(a) - (b) = 
os. @ 4, 


v +u v —u 


| 2.38 


52. 


53. 


54. 


53. 


56. 


57. 


A target is located at a point P at a height of 70 m above 
the ground. A particle is to be projected from a point 
O on the ground to hit the target, where OP = 182 m. 
The minimum possible velcoity 

(a) 36.3 m/s (b) 43.2 m/s 

(c) 44.8 m/s (d) 45.7 m/s 


A car A is at a distance 10 m from the car B towards 
north direction. Car A moves towards east with 40 m/s. 
Car B moves towards north with 30 m/s. The minimum 
distance between A and B will be 

(a) 10m (b) 8m 

(c) 6m (d) 30m 


The velocity-displacement graph (v-x graph) of 
the motion of particle is shown in the figure. The 
acceleration-displacement graph (a-x graph) of the 
motion of the particle is 


y 
A 
A 
Ka X 
a a 
A 
| 
(a) Mh b) —| —___»x 
a 
A 


(c) —- >X (d) — >X 
| 


A particle is projected vertically upwards from a point 
A on the ground. It takes t, seconds to reach a point B 
at a height h from A bit still continues to move up. If it 
takes further ¢, seconds from B to ground again, then 
h is equal to 


1 1 t 
(a) —gtt (b) =g — 

5 Sl ily 7 & (Y 

1 d lo 
(c) 7 8h ( ) z8 Íy 


A ship moves along the equator to the east with a 
velocity of 30 km/hour. The south eastern wind blows 
at an angle of 60° to the equator with a velocity of 
15 km/hr. The wind velocity relative to the ship (take 
cos 60° = 0.500 and sin 60° = 0.866) is 

(a) 35 km /hr nearly (b) 60 km /hr nearly 

(c) 40 km /hr nearly (d) 50 km /hr nearly 


Acceleration of a body moving along a straight line 
varies with time as shown in the figure. If velocity at 
t= 7.5 sec is 25 m/sec, velocity at t= 15 sec will be 


58. 


59. 


60. 


61. 


62. 
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(a) 50m/s (b) zero 
(c) 35m/s (d) 44 m/s 


If a rotating object accelerates from rest with an angular 
acceleration of 2 rad/s’, through the angle will it rotate 
before a point on its edge a distance 0.5 m from the axis 
is moving with a speed of 2 m/s is 

(a) 0.5 rad (b) 1 rad 

(c) 2rad (d) 4rad 


A particle is projected with a velocity v at an angle 
0 to the horizontal. At a certain point in its trajectory 


its velocity is v and it makes an angle > with the 
horizontal. The radius of curvature of this point is 
2 2 
v“ cos 8 
(a) (b) 
2 
= cos’ — 
g Cos > g 5 
v’ cos’ 0 v? cos’ 0 
(c) ——_ (d) ———__ 
cos? cos? a 
oes > 


A ceiling fan rotating at a speed of 2700 rpm is switched 
off and the resulting variation in its speed with time is 
shown in the graph. The total number of revolutions 
made by the fan before it comes to rest is 


rpm A 
2700 AUS 
500 Fe---- FS 
“os 
Q=— -4_ 94 sec 
8 16 
t 
in seconds 
(a) 420 (b) 280 
(c) 560 (d) 210 


A particle moves along a circular path of radius r with 
uniform speed v. The angel described by the particle 
in one second is given by 

(a) vr? (b) v°r 

(c) vr! (d) vr 


A boat which has a speed of 5 km/hr in still water 
crosses a river of width | km along the shortest possible 
path in 15 minutes. The velocity of the river water in 
km/hr is 
(a) 1 
(c) 4 


(b) 3 


(d) 41 
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63. A ball is thrown upward at an angel 30° to the horizontal 


64. 


65. 


66. 


and lands on the top edge of a tower that is 20 m away 
and 5m high. The thrown velocity is 


“ 
A o gaent og Ta a 
A 30° 
= 
20 m 
(a) 10 m/s (b) 20 m/s 
(c) 40 m/s (d) 80 m/s 


A hose lying on the ground of position O shoots a stream 
of water at an angle 30° to the horizontal. The speed 
of water is 20 m/s as it leaves the hose. The height at 
which it strike a wall 843 m away from the hose is 
(g = 10 m/s”) 


(a) 4m 
(c) 9.6m 


(b) 48m 
(d) 2.4m 


An object is projected up the incline with speed 30 m/s 
at an angel 30° as shown in the figure. The distance s 
up the incline at which the object lands is (g = 10 m/s’) 


ee 
(a) 6.0m (b) 60m 
(c) 120m (d) 600m 


A body is projected at ¢ = 0 from a certain point on 
a planet’s surface with a certain velocity at a certain 
angle with planet’s surface (assumed horizontal). The 
horizontal and vertical coordinates (x, y) varies with 
time tas x = 1004, y = 10¢—?f. The maximum height 
reached is 
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(a) 25m 
(c) 75m 


(b) 50m 
(d) 100m 


A car is moving towards east with a speed of 25 km/hr. 
To the driver of the car, a bus appears to move towards 
north with a speed of 2543 km/hr. The actual velocity 
of the bus is 

(a) 50 km/hr, 30° east of north 

(b) 50 B km/hr, 30° east of north 

(c) 50 km/hr, 30° west of north 

(d) 50 "o km/hr, 30° west of north 


The horizontal position of a balloon is x = 9t and equation 
2 


x 
of pathis y= 30 When t = 2s, the acceleration is 


(b) 9.8 m/s? 
(d) 1 m/s? 


(a) 0 m/s? 
(c) 5.4 m/s? 


Second’s hand of a clock is 6 cm long. As shown in 
the figure, A is a point on the second hand at a distance 
3 cm from centre. The change in velocity of A in 15 s 
will be 


e ~ 
7 ata, \ 
f | 3 cm \ 
ev 
\ O J 
\ ; Mi 


cm/s 


(a) 


n2 
10 
nf 


(c) ~— cm/s 
0 


27 
b) — cm/s 
(b) T 
(d) zero 


A body is moving along a straight line. Its speed varies 
with time as shown in the figure. Average speed of the 
body for its motion from ż = Q to t= 1, is 


(a) 10 m/s 
(c) 2.5 m/s 


(b) 5 m/s 
(d) 7.5 m/s 


Cars X and Y start their journey from the same 
place with X leaving 3 minutes earlier than Y. The 
cars move in the same direction with equal 
accelerations. Time taken after the departure of X so 


that the distance travelled by Y = = the distance 


travelled by X, is 


(a) 240 sec 
(c) 100 sec 


(b) 180 sec 
(d) 120 sec 
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An object starts from rest at t = 0 and moves along 
a straight line. From t = 0 to t = 3 sec, it moves with 
an acceleration a, and travels a distance 10m, from t 
= 3 sec to t = 6 sec, it moves with an acceleration a, 
and travels 25m; from t = 6 sec to ¢t = 9 sec; it covers 
52 m with acceleration a,. Which of the following is 
correct. 

(a) a, <a, <a, (b) a =a, =a, 


(c) a, =a, >, (d) a, <a, <a, 


A person swims from bank A of a river to the other bank 
B in shortest time. In doing so, he takes 5 minutes and 
travels an actual distance 1 km. Now he swims from 
bank B to A along shortest path and travels an actual 
distance 800m. Speed of water (river) 1s 

(a) 2.5 m/sec (b) 2.0 m/sec 

(c) 1.5 m/sec (d) 3.0 m/sec 


Displcement-time graph of a body confined to move 
along a straight line is as shown in the figure. Which 
of the following represents the correct velocity-time 
variation. 


(d) 
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9 
A body dropped from a height h is found to travel 5 


h during the last second of its fall. Speed of the body 
when it hits ground is (g = 10 m/s?) 

(a) 48 m/s (b) 50 m/s 

(c) 52 m/s (d) 54 m/s 


A body starts from rest at t = 0 and moves along a 
straight line. Its acceleration is given as a œt. The 
body travels a distance 30m from t= 1 sec to t = 2 sec. 
Distance travelled during the fourth second is 

(a) 159m (b) 250m 

(c) 350m (d) 210m 


A shell is fired from a gun with an initial velocity v 
at an angle 0 with horizontal. At the highest point 
of trajectory, the shell explodes into two fragments 
X and Y of equal masses. Given that the speed of 
fragment X, immediately after the explosion, is zero, 
the distance from the gun does the fragment Y strike 
the ground is 


(a) v’ sin 20 (b) 3 v’ sin 20 
g 2 g 
(c) 7 v sin 20 (d) 2v° sin 20 
2 g g 


Two particle are projected horizontally in opposite 
directions from the same height at t = O with velocities 
12 m/s and 3m/s. Distance between the two when 
there velocities become mutually perpendicular is 
(g = 10 m/s?) 
(a) 15m 

(c) 10m 


(b) 12m 
(d) 9m 


A motor car is travelling at 30 ms" on a circular road 
of radius 500 m. It is increasing speed at the rate of 2 
ms. The acceleration of car is 

(a) 2 ms”? (b) 2.7 ms? 

(c) 3 ms”? (d) 3.7 ms” 


A string of length Im 1s fixed at one end and carries a 
mass of 100 g at the other end. The string makes 2/z 
revolutions per second around the vertical axis through 
the fixed end. If angle of inclination of the string with 
the vertical is cos”! 5/8, the linear velocity of the mass 
is nearly 

(a) lms! 
(c) 3 ms“! 


(b) 2 ms“! 
(d) 4 ms“! 


A car is moving on a circular horizontal track of radius 
10 m with a constant speed of 10 ms~!. A plumb bob is 
suspended from the roof of the car by a light rigid rod 
of length 10 m. The angle made by the rod with the 
track is 

(a) zero 
(c) 45° 


(b) 30° 
(d) 60° 


A particle P is sliding down a frictionless hemispherical 
bowl. It passes the point A and ¢ = 0. At this instant of 
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85. 


time, the horizontal component of its velocity is v. A 
bead Q of the same mass as P is ejected from A at t = 
O along the horizontal string AB with speed v. Friction 
between the bead and the string may be neglected. Let 
t, and fo be the respective times taken by P and Q to 
reach point B, then 


(a) <t 
(b) t= 
(c) >t 


t 


@ 2 = length of arc ACB 
t 
Q 


length of chord AB 


A stone tied to a string of length L is whirled in a vertical 
circle with the other end of the string at the centre. 
At a certain instant of time the stone is at its lowest 
position and has a speed u. The magnitude of change 
in its velocity as it reaches a position, where the string 


is horizontal is 
(b) y2gl 


(a) fu? -2l 
(c) Ju? - gl (d) f2(u? -gl) 


If a particle goes from point A to point B in 1 s moving in 
a semicircle (see Figure). The magnitude of the average 
velocity is 

A 


(a) 3.14 ms“! 
(c) 1 ms 


(b) 2 ms“! 
(d) zero. 


A small block is shot into each of the four tracks as 
shown below. Each of the track rises to the same height. 
The speed with which the block enters the track 1s the 
same in all cases. At the highest point of the track, the 
normal reaction 1s maximum in case of 


Ou ) 


Du D 
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86. A particle of mass m is tied to a light string and rotated 


with a speed v along a circular path of radius r. If T = 

tension in the string and mg = gravitational force on the 

particle then the actual forces acting on the particle are 

(a) mg and T only 

(b) mg, T and an additional force of mv?/r directed 
inwards 

(c) mg, T and an additional force of mv?/r directed 
outwards 

(d) only a force mv’/r directed outwards 


Water in a bucket is whirled in a vertical circle with a 
string to it. The water does not fall down even when the 
bucket is inverted at the top of its path. We conclude 


that in this position 


2 
mv 


r 


(a) mg = 


(b) mg is greater than 


(c) mg is not greater than 


2 


(d) mg is not less than “ 


A coin placed on a rotating turntable just slips if it 1s 
placed at a distance of 4 cm from the centre. If the 
angular velocity of the turntable is doubled, it will just 
slip ata distance of 

(a) 1 cm (b) 2 cm 

(c) 12 cm (d) 8 cm 


Three identical cars A, B and C are moving at the same 
speed on three bridges. The car A goes on a plane bridge, 
B on a bridge convex upward and C goes on a bridge 
concave upward. Let F,,, F, and F, be the normal force 
exerted by the cars on the bridges when they are at the 
middle of bridges. 

(a) F, is maximum of the three forces. 


A 


(b) F, is maximum of the three forces. 
(c) F, 1s maximum of the three forces. 


(d) F =F =F 


A train A runs from east to west and another train B of 
the same mass runs from west to east at the same speed 
along the equator. A presses the track with a force F, 
and B presses the track with a force F, 

(a) F >F, 

(b) F <F, 

(c) F =F, 

(d) Incomplete information to find the relation between 

F and F, 


A rod of length L is pivoted at one end and is rotated 
with a uniform angular velocity in a horizontal plane. 
Let T, and T, be the tensions at the points L/4 and 3L/4 
away from the pivoted ends. 

(a) T,>T, 

b) T >T, 

(c) T =T, 

(d) The relation between T, and T, depends on whether 

the rod rotates clockwise or anticlockwise. 


93. 


94. 
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Assume that the Earth goes round the sun in a circular 

orbit with a constant speed of 30 km/s. 

(a) The average velocity of the earth from 1st Jan, 90 
to 30th June, 90 is zero. 

(b) The average acceleration during the above period 
is 60 km/s?. 

(c) The average speed from Ist Jan, 90 to 31st Dec, 
90 1s zero. 

(d) The instantaneous acceleration of the earth points 
towards the sun. 


A wheel is subjected to uniform angular acceleration 
about its axis. Initially its angular velocity is zero. In 
the first two seconds it rotates through angle @.. In the 
next two seconds it roatets through angle @,. What is 
the ratio 0/0? 

(a) 4 (b) 3 

(c) 2 (d) | 


A bucket tied at the end of a 1.6 m long string 1s 
whirled in a vertical circle with a constant speed. What 
should be the minimum speed so that the water from the 
bucket does not spill out during rotation (g = 10 ms’)? 
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| g (sind — ucos8) | 


rsin @(cos@ + usin 0 


1/2 
(b) g (sind + ucos@) 
rsin @(cos@ + usin @) 


1/2 
g (sind + ucos@) 

rsin @(cos@— usin @) 
(d) none of these 


A car is travelling with linear velocity v on a circular 
na of radius r. If it is increasing its speed at the rate 
a’ ms”, then the resultant acceleration will be 


o Eo (b) fore 
r 
O pore (d) fone 


A tube of length lis filled completely with an 
incompressible liquid of mass m and closed at both 
the ends. The tube is then rotated in a horizontal plane 
about one of its ends with a uniform angular velocity 


(a) 9ms" (b) 6.25 ms” aw. The force exerted by the liquid at the other end is 
(c) 16 ms! (d) none of these i 
| S OQ ge (b) mlo? 
95. The roadway bridge over a canal is in the form of a 3 
circular arc of radius 18 m. What is the greatest speed mlo? d mlo’ 
with which a motorcycle can cross the bridge without (c) 7 (d) 


leaving the ground? 99 
(a) 18.98 ms"! (b) 18/9.8 ms"! 


(c) 9.8 ms"! (d) J18x9.8 ms" 


96. A hemispherical bowl of radius r is rotated about its (a) 10 ms” (b) 7.5 ms” 
axis of symmetry which is kept vertical. A small block (c) 5 ms” (d) 2.5 ms” 
is kept at a position where the radius makes an angle 100. Ata curved path of the road bed is raised a little on the 
0 with the vertical. The block rotates with the bowl side away from the centre of the curved path. The slope 
without any slipping. The friction coefficient between of the road bed is given by 
the block and the bowl is u. The maximum speed for (a) tan 0 = rg/v? 
which the block will not slip (c) tan 8 = v?/rg 


A string can withstand a tension of 25 N. What is the 
greatest speed at which a body of mass 1 kg can be whirled 
in a horizontal circle using 1m length of the string? 


(b) tan 0 = r/gv’ 
(d) tan 0 = v? glr 
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CHAPTER HIGHLIGHTS 


CHAPTER 


Force and Inertia, Newton's First Law of motion; Momentum, Newton's Second Law of motion; Impulse; 
Newton's Third Law of motion. Law of conservation of linear momentum and its applications, Equilibrium of 


concurrent forces. 


Static and Kinetic friction, laws of friction, rolling friction. 


Dynamics of uniform circular motion: 
Centripetal force and its applications. 


BRIEF REVIEW 


Force is A pull or push which generates or tends to 
generate motion in a body at rest, stops or tends to stop a 
body in motion, increases or decreases the magnitude of 
velocity of the moving body, changes or tends to change 
the shape of the body. 


Newton’s Arst Law of Motion Ifabodyis atrest, it will 
remain at rest and a body in uniform motion will remain in 
the state of uniform motion unless it is compelled by some 
external force to change its state. 


Inertia Itis the inherent property of the body with which it 
cannot change by itself its state of rest or of uniform motion 
unless acted upon by an external force. Hence, Newton’s first 
law of motion may also be called law of inertia. 


Note that the term external force has been used in first law. 
It means there would be internal force also. 


Internal Force If the force applying agent lies inside 
the system, force is internal. Internal force cannot provide 
motion. For example, if you are sitting in a car and you push 
the car, car does not move. If you come out of the car and 
apply the same force, car moves. When you were inside the 
car, the force applying agent was inside the car, hence, the 
force was internal and car did not move. When the force 
applying agent (you) had moved outside, the car moved. 


The straight line along which force acts is called Line 
of action of the force. 


In order to accelerate or decelerate a body, an 
unbalanced force is required. 


A system of bodies on which no external force acts is 
called a closed system. For example, two bodies moving 
towards each other due to their mutual electrostatic or 
gravitational force. 


When many forces act on a body at the same point, 
they are called concurrent forces. The system of concurrent 
forces may be: 


(a) Collinear, that is acting along the same straightline. 
(b) Coplanar, that is in the same plane. 
(c) Generally directed, but not in the same plane. 


Mass Innewtonian mechanics mass is considered to be a 
measure of inertia of a body and is considered independent 
of its velocity. It is a scalar quantity. Unit — kg (SI system). 


Momentum The total quantity of motion contained in 
a body is called momentum. It is a vector quantity. Unit kg 
ms! (SI) p= my, 

If two different masses have same momentum, then 
the lighter one has more kinetic energy (also more velocity). 


Newton's Second Law of Motion The time rate 
of change of momentum is directly proportional to force 
(external) applied on it and the change in momentum occurs 
in the direction of force 


= dp = 7 
F x —,or F = — = =ma 
dt 


Newton considered mass to be constant. Unit of 
Force is Netwon (N) or kg Wt (kilogram weight) or kg 
f (kilogram force). 1 kg Wt = 1 kg f = 9.8 N. 


[3.2 


. . , _ m 
If mass is varying and velocity constant F =v a 
t 


F = if both mass and velocity vary. 


dt 
Impulse Product of force and time for which it acts is 
called impulse. 


d 
F= = or F. dt = dp i.e., impulse = change in momentum 


F_.t= Ap is called impulse momentum theorem. 


av 


Newton's Third Law of Motion To every action there is 
an equal and opposite reaction, i.e., F "g =~ Fpa - Moreover, 
action and reaction act on different bodies. According to third 


law forces in nature occur in pairs. Single isolated force is 
not possible. 


Note: In certain cases of electrostatics and in springs 
Newton’s 3rd law fails. 


Law of Conservation of Momentum If no external 
force acts then the total momentum of the system is 
conserved 


— dp 5 
F = — =0Oor p = constant. 
dt 
Equilibrium 


Translatory Equilibrium When several forces act on 
a body such that resultant force is zero, i.e., XF = 0, the 
body is said to be in translatory equilibrium. >}F = 0 implies 
LF = UF = LF = 0. It means the body is in the state of 
rest (static equilibrium) or in uniform motion (dynamic 
equilibrium). 


du 
If the force is conservative then F = re 0 means 
r 


potential energy u = maximum, minimum or constant. 


Stable Equilibrium If on slight displacement from 
equilibrium position, body has the tendency to regain its 
original position. In such cases centre of Mass (COM) 
rises on slight displacement. Note that PE is minimum 


2 
E : = we) in stable equilibrium. 
r 


Unstable Equilibrium If on slight displacement from 
equilibrium position, the body moves in the direction of 
displacement, the equilibrium is known to be unstable. The 


COM goes down on slight displacement. PE is maximum 
2 


and T = —ve for unstable equilibrium. 

r 
Neutral Equilibrium Ifthe body remains at the displaced 
position after a slight displacement then such an equilibrium 
is neutral. The COM does not change and PE is constant 
but not zero. 


Fig. 3.1 illustrates all the types of equilibrium: stable, 
unstable and neutral. 
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FE 


unstable equilibrium 


PE = const. neutral 
equilibrium 


stable equilibrium 


Fig. 3.1 Types of equilibrium explanations 


Strings String is considered to be massless unless stated 
and hence, tension remains constant throughout the string. 


String is assumed to be inextensible unless stated and 
hence, acceleration of any number of masses connected to it 
is always equal or same. If the pulley is massless and smooth, 
and string is also massless then tension at each point (or two 
sides of string) is constant as shown in Fig. 3.2. 


Fig. 3.2 Tension in string for a light and smooth pulley 


If the string changes tension changes as illustrated in 
Fig. 3.3. 


Fig. 3.3 Tension in different strings 


T, T, and T, in Fig. 3.4 are different as string changes. 
In Fig. 3.4 T, = 2T, 


T,=2 (8-a) 


F ¢——__________ > F 
Fig. 3.4 
If forces are equal and opposite on a massless string 


as shown in Fig. 3.4 then tension T is equal to either of the 
two forces, 1.e., T = F. 


| Lawsof Motion 


The maximum tension which a string can bear is called 
its breaking strength. If the string has mass tension is different 
at each point as illustrated in Fig. 3.5. 


mM — | — p a 
L T [F 


— | -x — + x —> 


Fig. 3.5 Illustration of tension in a stringrod having mass 


M 
Mass per unit length A = T We have to find tension 


at P. Mass of (l — x) part is a ; 


mea) _ F(l[-x) 


F 
Tension at P = — 
M í l l 


Springs Springs are assumed massless unless stated. 
Restoring force is same every where, i.e., F =—k x 


Springs can be stretched or compressed. Stretch or 
compression is taken positive. 


Restoring force is linear as is clear from F = —kx. k is 
called spring constant or force constant. 


ko : (k also depends upon radius, length and material 


used). 
, 1 1 
In series = — + — +..... 
effective k k, 
In parallel Krecie = K, +k, +... 


If masses m, and m, connected to a spring as shown 
in Fig. 3.6 are oscillating or both masses move then find 


reduced mass u 4 = A + A ; 


Hm m 


MORI 


m, 


If the spring has mass m , then is used to produce 


extension. 


Pseudo Forces The hypothetical forces added while 
dealing with problems associated with non-inertial or 
accelerated frame of reference, so that Newton’s laws may be 
applied are called psuedo forces or inertial forces. If a frame 
of reference is moving with an acceleration a» then force 
on a particle of mass m is ma. In the force equation a force 
-ma will be added to make the frame of reference inertial. 


Friction If we try to slide a body over a surface the motion 
is resisted by the bonding between the body and the surface. 
This resistance is represented by a single force called friction. 
The friction is parallel to the surface and opposite to the 
direction of intended motion. Remember static friction is a 
self adjusting force. If a body is at rest and not being pulled, 
force of friction is zero. If a pulling force is applied and the 
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body does not move, friction still acts and is called static 
friction. The maximum value of static friction is called 
limiting friction. See Fig. 3.7. If we apply the force beyond 
limiting friction, the body begins to move and friction slightly 
decreases called kinetic friction. 


Dynamic or Kinetic 
Friction 


Limiting Friction 


Static Friction 


Friction 


Force applied 


Fig. 3.7 Friction illustration 


Limiting Friction F, =, N where N is normal reaction. 
u = tan 0 where @ is the angle of limiting friction. 


Note: u > u, > H where w, stands for coefficient of 
Static friction, u , stands for coefficient of kinetic friction and 
H stands for rolling friction. 

Friction is independent of surface area of contact. 
However, it depends upon the nature of material of the surfaces 
in contact, their roughness, smoothness, inclination. Normally, 
friction between too smooth bodies is more. If the bodies are 
made extra smooth by polishing the bonding force of cohesion 
or adhesion increases resulting in cold welding. 


In practice, 0 < u < 1 but u > 1 is observed. For example; 
u = | for glass/glass, and, u, = 1.6 for Cu — Cu. 


Friction is a non-conservative force. 


If force is applied and still the body is at rest then the 
force of the friction is equal to force applied. 


Equation of motion for centre of mass (COM) 


d 
oe Vcom _ SF 
dt 


Short Cuts and Points to Note 


1. Tension is a reaction force produced in a string or 
rod. 

2. In a massless string (if not passing over a pulley) 
tension is equal at each point. 

3. If pulley is massless and smooth and, string is 
massless and passing over a pulley as shown in the 
Figure, then 


[3.4 


4. If the string changes tension will change. Assume, 
in the Figure. Pulley is smooth and massless. String 
is also massless. Then, 
pa [(m, +m,) -m, |g 

m, +m, +m, 


T' =m, (8-a), T"=2T 


I- 2(m, +m,)m,g 


m +m, +m, 


5. Ifthe pulley system of given Figure moves up with 
an acceleration a’ then, 


m,—m +a' 
__kim— mg ta) o, 


m, +m, m, +m, 


_ 2mm,(g +a’) 


6. If the pulley system shown in Figure moves up with 
an acceleration a’. Then, 


[(m, +m,) —m,|(g +a’) 
g= Enun 
m +m, +m, 


? 


_ 2(m, +m,)m,(g +a’) 
m, +m, +m, 
T' =m, (g +a —a) 


7. If F > 2T in Figure is applied on the pulley to move 
the system upwards. 
i F -2T . _(m, —m,)(g +a’) 


Then, a’ = a 
m, +m, m, +m, 


T- 2m,m,(g +a’) 


mM, +m, 


If F < 2T, then a’ =0 


(m, ~~ m )(g) 


and a= 
m,+m, 


2m,m, 8 
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8. Ifthe springs are in parallel then their displacements 
are equal. For example, in the Figure, the springs 
are in parallel, i.e., k= k, +k, 


(b) 


9. Ifthe springs are in series, as shown in given Figure 
streches in spring are un-equal and x = x, + x, 
i 1 il 


or — = — + —. 
Kg k Wk 
is ire 
k, k, 


10. If the spring is cut k ci . For example, if a spring 


of spring constant k is cut in the ratio 2 : 3 then 


shorter spring has k' = 5k and bi gger one has spring 


5k 
constant k" = —. 


11. In this figure, if the block or pulley moves down by 
x, spring moves down by 2x. Thus T = F" = k (2x) 
and F = 2T = k (4x). 


In this figure, if the block moves down by x then 


spring or pulley moves down by > F = T, F" 


araki) 


F" 
or F = =k =) 
2 4 
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12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


As shown in the figure, if the pulley moves forward 
by x then block moves forward by 2x. 


T F F 


2a ;a_ ,=—-— a = — 
pulley block m 2 m pulley 4 m 


j d lock = 


Since force is a vector, apply vector algebra 
whenever there are two or more forces. 


Draw free body diagram before you solve the 
problems. They make the problem very simple. 


If force is applied on the body and body does not 
move, then, friction = force applied and not uN 
where N is normal reaction. 


u >H,> Hp Barring few exception u < 1 and hence 
4,<1. 

In conservative forces work done depends upon 
initial and final position. It is independent of the path 
followed. Net work done in a closed loop equals 
zero. Gravitational, electrostatic, magnetic forces 
are conservative. Friction is not conservative. 


If there is no friction then acceleration down an 
incline is a = g sin 8 as. shown in the figure. 


N 


If there is friction and coefficient of friction between 
the block and the incline is u then, 


a = g sin 0 — mg cos 0 down the incline 


or F o = mg (sin 0 — u cos 0) 


20. 


21. 


22: 


23, 


24. 


25. 


35) 


If the block is to move up the incline with a 
constant velocity then F = mg (sin 0 + u cos 0) 
(See Figure). 


If it is to move up with an acceleration ‘a’ also 
then 


F „= mg (sin 0 + u cos 8) + ma. 


9 


On a horizontal plane, deceleration due to friction 
is ug. 

If a lift moves up with an acceleration a then 
effective or apparent weight is m (g + a) as ma 
acting downward is pseudo force to be added to 
make frame of reference inertial. 


Similarly, if the pulley is moving down with an 
acceleration a then apparent weight of the body is 
m (g-a). 
If the force is a function of distance or velocity 
then use: 


It is always helpful to choose axis along the incline 
as x-axis and axis perpendicular to the incline as 
y-axis. 

Remember frictional force and normal force are 
always perpendicular and F, = Force applied if 
body remains stationary; F =u, N if the body is in 
motion. 
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26. Pulling at an angle decreases the kinetic friction as 
normal reaction decreases as illustrated in given 
Figure. 


N F sin@ p 


Fcos@ 
uN 


mg 


N = Mg - F sin 0. 
or, F,= u, N = u, (Mg - F sin O). 


m 
27. If LF =0=mg-k v, then v, = = is terminal 


velocity as in case of viscosity. F=6 x n rv (Stoke’s 
law) v is terminal velocity. 


28. If a body/particle of mass m moves with a linear 
velocity v along the diameter of a turn table then 
an extra force is experienced by the body called 
coriolis force. 


F = 2 mv@. Where œ is angular velocity of the 


coroilis 


turn table 


Caution 


1. Applying Newton’s law without caring about 
inertial/non-inertial frames. 


= In non-inertial frames of reference, first apply 
pseudo vectors to make the frame of reference 
inertial, only after that apply Newton’s laws. 


2. Considering action and reaction always act on 
different bodies. 


= Incase of elastic bodies and springs, action and 
reaction act on same body. That is, in case of 
restoring force in a spring or deforming force in 
elastic bodies, action and reaction act on same 
body. These forces are therefore called internal 
forces. 


3. Considering Newton’s third law is always valid. 


= In certain cases of electrostatics Newton’s third law 
fails. 


4. Assuming friction always acts in a direction 
Opposite to the motion. 


= If the friction causes motion then the friction acts 
in the direction of motion. 


5. Considering force constant of a spring does not 
vary when spring is cut. 


l 
= Spring constant k or 


13. 
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. Assuming friction is always equal to uN. 


If the body is moving, friction = u, N. If the 
body is stationary then friction is equal to force 
applied. 


. Assuming if pulley is massless then tension in the 


string on two sides of the pulley is unequal as shown 
in Figure. 


A 
TE 


If pulley is massless and smooth T, = T, = T 


If pulley has mass then only T, and T, are 
unequal. 


. Not understanding constraints. 


In problems like shown in Figure, if the pulley 
moves forward by x, then thread 2x is used x below 
and x above which will be supplied by the block 
side as other is fixed. Therefore, block will move 
2a 


block pulley 


2x. Hence, a 


. Considering in equilibrium, body must be at rest. 


In static equilibrium body is at rest. In dynamic 
equilibrium, it moves with uniform velocity. 


. Assuming there is no tension if the rope is pulled 


by equal and opposite forces on two ends. 


Tension is equal to either of the force applied. 


. Considering impulse always provides acceleration. 


Sharp impulse only provides velocity. 


. Considering rough surfaces have more friction. 


In general it may be true. But polished surfaces 
may offer more friction. For example, coefficient of 
friction between glass/wood is 0.23 and glass and 
glass is 1.0 and between Cu — Cu is 1.6. 


Considering horizontal plane as x-axis and therefore 
normal force N perpendicular to x-axis as shown in 
Figure. 
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= Considering axis along the incline plane as 


l. 


x-axis and perpendicular to it as y-axis is more 


PRACTICE EXERCISE 1 
(SOLVED) 


A block of mass 10 kg is suspended through two light 
spring balances as shown in figure. 


| [10kg 


(a) Both the scales will read 10 kg 

(b) Both the scales willread 5 kg 

(c) The upper scale will read 10kg and the lower zero 

(d) The readings may be anything but their sum will 
be 10 kg 


A particle of mass 5 kg is pulled along a smooth horizontal 
surface by a horizontal string. The acceleration of the 
particle is 10 ms~. The tension in the string is 


(a) 2N (b) 50N 
(c) ISN (d) 10N 


A particle of mass 3 kg slides down a smooth plane 
1 
inclined at arcsin a to the horizontal. The acceleration 


of the particle is 


(a) + gms? (b) gms? 


(c) 1 ms? (d) O 
A block of mass 10 kg rests on the floor of a lift, which 


is accelerating upwards at 4 ms”. The reaction of the 
floor of the lift on the block is 


-37 


convenient way of solving problems as shown in 
Figure. 


(a) 104 N 
(c) 60N 


(b) 96 N 
(d) 140 N 


A block of mass m is placed on a smooth inclined plane 
of inclination @ with the horizontal. The force exerted 
by the plane on the block has a magnitude 


(a) mg (b) 3. 
cos @ 
(c) mg cos (d) mg tan 0 


Two bodies of masses 6 kg and 3 kg are tied to the 
ends of a string, which passes over a fixed pulley of 
the Atwood’s machine. The total downward thrust on 
the pulley is nearly 
(a) 5x9.8 N 
(c) 7x98 N 


(b) 6x9.8 N 
(d) 8x9.8 N 


A 60 kg man pushes a 40 kg man by a force of 60 N. 
The 40 kg man has pushed the other man with a force 
of 

(a) 40N (b) O 

(c) 60N (d) 20N 


Three blocks are connected as shown in the figure on 
a horizontal table. If m, = 10 kg, m, = 20 kg and m, = 
30 kg, find the tension T, given that T, = 60 N 


(a) zero (b) 45N 
(c) 30N (d) 1ON 
m2 M3 
m 
Tı Tə T3 


The pulley arrangements shown in the figure are 
identical, the mass of the rope being negligible. In case 
(i) mass m is lifted by attaching a mass of 2 m to the 
other end of the rope. In case (ii) the mass m is lifted 
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10. 


11. 


IZ, 


by pulling the other end of the rope with a constant 
downward force F = 2 mg, where g is the acceleration 
due to gravity. The acceleration of mass m in 
case (1) is 


F=2mg 


Case-i Case-il 
(a) 
(b) 
(c) 
(d) 


Two masses are connected by a weightless cord passing 
over a frictionless pulley as shown in the figure. The 
tension in the cord connecting the masses will be (g = 
10 ms) 


Zero 
more than that in case (11) 
less than that in case (ii) 
equal to that in case (ii) 


(a) 20N 
(c) 37.5N 


(b) 30N 
(d) 40N 


A string of negligible mass going over a clamped pulley 
of mass m supports.a block of mass M as shown. The 
force on pulley by the clamp is given by 


15. 


M 


(a) V2 Mg (b) V2 meg 


(c) (M +m +m°g (d) J(M+m)’>+M?’ 8 


A light sting fixed at one end to a clamp on ground 
passes over a fixed pulley and hangs at the other side. 
It makes an angle of 30° with the ground. A monkey of 
mass 5 kg climbs up the rope. The clamp can tolerate a 


13; 


14. 
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vertical force of 40 N only. The maximum acceleration 
in upward direction with which the monkey can climb 
safely is (neglect friction and take g = 10 m/s”) 


(a) 2 m/s? 
(c) 6 m/s? 


(b) 4 m/s? 
(d) 8 m/s? 


From the fixed pulley, masses 2 kg, 1 kg and 3 kg are 
suspended as shown 1s figure. Find the extension in the 
spring when acceleration of 3kg and 1kg is same if spring 
constant of the spring k = 100 N/m. (g = 10 m/s”) 


s 
(a) 10cm (b) 20cm 
(c) 30cm (d) 25cm 


The pulleys and strings shown 1n the figure are smooth 
and of negligible mass. For the system to remain in 
equilibrium, the angle @ should be 


(a) Q° 
(c) 45° 


(b) 30° 
(d) 60° 


Figure shows a block of mass m, resting on a smooth 
surface. It is connected to a mass m, by a string passing 
over a massless and frictionless pulley m, > m,. The 
acceleration of the hanging mass m, is 


mı 
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16. 


17. 


18. 


19. 


m -m m, -m 
(a) — (b) ——— 
m, +m, m, +m, 
mE Mg 
(c) ——=— (d) ——— 
m, +m, m, +m, 


A man thinks about 4 arrangements as shown to raise 
two small bricks each having mass m. Which of the 
arrangement would take minimum time? 


(d) 


In the figure shown, the box is descending with an 
acceleration ‘a’ so that a body of mass M placed in it 


M 
exerts a force = on the base of the box. The value 


of ‘a’ is 
Box 
Ja 
3g g 
“6 A Z 
(a) ri (b) A 
8g g 
c) => d) = 
(c) (d) 3 


Two bodies A and B each of mass M are attached by a 
massless spring. At that instant when acceleration of 
A is a, force F acts on the mass B as shown in figure, 
the acceleration of B at that instant is 


(a) Hg (b) a 
M 


(©) -a (a) = 

M 
A horizontal force F is applied to a block of mass m 
kept on a smooth fixed inclined plane of inclination @ 
as shown in figure. The resultant force on the block 
(along the plane) is 


20. 


21. 


ZR, 


23: 


24. 


25. 


26. 


(b) Fcos0- mesin 0 
(d) F sin + mg cos 


(a) F+mgtand 
(c) F sin- mg cos0 


In the system shown in figure m, = 4 kg and m, 
= 2 kg. The pulleys are massless and friction is 
absent everywhere. The acceleration of block A is 
(g = 10 m/s’) 


10 


(a) — m/s? (b) 20 m/s? 
3 3 


(c) 2 m/s? (d) 4 m/s? 


The frictional force between two surfaces is independent 
of 


(a) nature of surface 
(c) area of contact 


(b) mass of body 
(d) none 


A block of 10 kg is pulled by a constant speed on a rough 
horizontal surface by a force of 19.6 N. The coefficient 
of friction is 
(a) 0.1 
(c) 0.3 


(b) 0.2 
(d) 0.4 


A body of mass 2 kg rests on a rough inclined plane 
making an angle 30° with the horizontal. The coefficient 
of static friction between the block and the plane is 0.7. 
The friction force on the block is 


(a) 9.8N (b) 0.7x9.8xV¥3N 
(c) 9.8xJ3 N (d) 0.7x9.8N 


The coefficient of friction between two surfaces 1s 0.2. 
The angle of friction is 
(a) sin! (0.2) 
(c) tan (0.1) 


(b) cos! (0.2) 
(d) cot! (5) 


A uniform rope of length / lies on the table. If the 
coefficient of friction between the rope and table is u, 
then the maximum length /, which can overhang from 
the edge of the table without sliding down is 


(ay + o) —— 
4 w+) 
€) HE a) 
u+l1 u-l 


The force (acts along the inclined plane) required to 
just move a body up an inclined plane is double the 
force required to just prevent it from sliding down. If 
b is angle of friction and @ is the angle which incline 
makes with the horizontal then, 
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2i: 


28. 


20: 


30. 


31. 


(a) tan@ = tando 
(c) tan@ = 3 tano 


(b) tan@ = 2tand 
(d) tango = 3 tan@ 


What is the maximum value of the force F such that 
the block shown in the arrangement does not move? 
(g = 10 m/s?) 


(a) 20N 
(c) 12N 


(b) 10N 
(d) ISN 


A body starts sliding down at an angle 0 to the 
horizontal. Then coefficient of friction is equal to 

(a) sin 0 (b) cos 8 

(c) tan 0 (d) cot 8 


A block of mass M is placed on a rough horizontal 
surface. A force F = Mg acts on the block as shown. 
It (force) is inclined to the vertical at an angle 8. The 
coefficient of friction is u. The block can be pushed 
along the surface only when 


(b) cot0>u 
(d) cot0/2> u 


(a) tand>u 
(c) tan0/22> u 
The system shown in figure, is just on the verge of 


slipping. The coefficient of static friction between the 
block and table is 


(a) 0.11 
(c) 0.25 


(b) 0.95 
(d) 0.35 


A cart of mass M has a block of mass m attached to it as 
shown in the figure. The coefficient of friction between 
the block and cart is u. The minimum acceleration of 
the cart so that the block m does not fall is 


32, 


33. 


34. 


35. 
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(a) 


x |% 


(c) uG 


Two blocks A and B of masses 6 kg and 3 kg rest on 
a smooth horizontal surface as shown in the figure. 
If coefficient of friction between A and B is 0.4, the 
maximum horizontal force which can make them 
without separation is 


(a) 72N 
(c) 36N 


Consider the system shown in figure. The wall is 
smooth, but the surface of blocks A and B in contact 
are rough. The friction on B due to A in equilibrium is 


Je 


(a) upward 

(b) downward 

(c) zero 

(d) the system can not remain in equilibrium 


The system is pushed by a force F as shown in figure. 
All surfaces are smooth except between B and C. 
Friction coefficient between B and C is u. Minimum 
value of F to prevent block B from slipping is 


A B C 
fan fen 

5 
b San 
= (žre 


5 3 
(c) (= umg (d) > umg 


A horizontal force F is applied to a block of mass m 
kept on a smooth fixed inclined plane of inclination 8 
as shown in figure. The resultant force on the block 
(along the plane) is 
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36. 


37. 


38. 


(b) Fcos@—mgsin8@ 
(d) Fsin0+mgcos0 


(a) F+mgtan0 
(c) FsinO-—mgcos0 


Two masses each equal to m are lying on x-axis at 
(— a, 0) and (+ a, 0) respectively. They are connected 
by alight string. A force F is applied at the origin along 
y axis resulting into motion of masses towards each 
other. The acceleration of each mass when p7yosition 
of masses at any instant becomes (— x, 0) and (+ x, Q) is 
given by 


y 
m (-0,! 0) m 
(-a, 0) fF (a, 0) 
F x F Næ -x 
a Se b) — 
O aJe Oma 
Fx F l@ -x 
(c) (d) — 


2my a? — x? 2m x 


A particle of mass m 1s suspended from a fixed point 
O by a string of length /. At t = Q, it is displaced 
from equilibrium position and released. The graph 
which shows the variation of tension T in string with 
time ź is 


t —> t ——> 
(a) (b) 
| 
(c) (d) 
t — 


Two blocks of masses m, and m, are connected to 
each other with the help of a spring. If pushing force 
is given to mass m, providing acceleration a to it, then 
acceleration of m, is 


39. 


40. 


42. 


3.11 
A 

a m E 
= Fu 

(ay man* (bo) —™* 
m, m, 

(c) a o -n 
m 


A stone weighing 1/2 kg is tied to a string 1/2 m long 
having withstand capacity of 20 kg. The stone is in 
horizontal circular motion over a frictionless table with 
a speed of 1.5 ms™. If tension in the string is equal to 
the breaking force of the spring, the speed attained is 


(a) 14 ms” 
(c) 24 ms"! 


(b) 11 ms” 
(d) 17 ms” 


A body takes n times, the time to slide down a rough 
inclined plane as it takes to slide down the same inclined 
plane when it is perfectly frictionless. The coefficient 
of kinetic friction between the body and the plane for 
an angle of inclination of 45° is given by u 


@ tee œ) + 
n n 


l l 
(©) (1-5) (a) (5-1 
Two blocks of masses 2 kg and 5 kg are at rest on 
ground. The masses are connected by a string passing 
over a frictionless pulley which is under the influence 


of a constant upward force F = 50 N. The accelerations 
of 5 kg and 2 kg masses are 


50 N 


(a) 0,2.5 ms? 
(c) 2.5 ms”, 2.5 ms? 


(b) 0,0 
(d) 1 ms’, 2.5 ms” 


A body starts to slide from P, down an inclined 
frictionless plane PQ having inclination a with 
horizontal and then ascends another smooth inclined 
plane QR with angle of inclination 2a. Neglecting 
impact at O 
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43. 


44. 


45. 


(a) too = top 
(c) h'=2h 


(b) lpo = lop 
(d) h'=h 


A rod of length L is rotated in horizontal plane with 
constant angular velocity œ. A mass m is suspended by 
a light string of length L from the other end of the rod. 
If the angle made by vertical with the string is 0 then 
angular speed, w = 


1 
eo gsinð ?? 
L(1+ tan 8) 


1 
(c) g tan 0 l 
L+sin 0 


A stone of mass 1000 g tied to a light string of length 
10/3 m is whirling in a vertical circle. If the ratio 
of the maximum tension to minimum tension is 4 and 
g = 10 ms”, then speed of stone at the highest point of 
circle is 


(a) 20 ms” 
(c) 5/3 ms! 


(b) = + tan 0) | 
g tan 
1 
( gtanð } 
L(1+sin 8) 


(b) 10/43 ms”! 
(d) 10 ms” 


A man tries to remain in steady state by pushing his 
feet and hands against two parallel walls. Then for 
equilibrium 


(a) force of friction should be equal on the two 
walls. 

(b) force exerted by him on both walls should be equal 
and the walls should not be frictionless. 

(c) he should press his feet with greater force. 

(d) coefficient of friction should be equal for both 
walls. 
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46. A block of mass | kg is connected by a light string 


47. 


48. 


49. 


passing over two smooth pulleys placed on a smooth 
horizontal surface as shown. Another block of 1 kg is 
connected to the other end of the string then acceleration 
of the system and tension in the string are 


(a) 5ms?, 5N 
(b) 1 ms?, 1 N 
(c) 1ms?,5N 
(d) 5 ms, 10 N 


A mass of 2 kg is placed on a trolley of 20 kg sliding on 
a smooth surface. The coefficient of friction between 
the mass and surface of trolley is 0.25. A horizontal 
force of 2N is applied to the mass. The acceleration of 
the system and the frictional force between the mass 
and surface of trolley are 


2kg 2N 


OOO 


(a) 1.8 ms”, 0.09 N 
(b) 0.9 ms?, 18 N 
(c) 0.09 ms”, 1.8 N 
(d) 1ms?,2N 


Three blocks of masses 3 kg, 6 kg and 1 kg are 
connected by a string passing over two smooth pulleys 
attached at the two ends of a frictionless horizontal 
surface. The acceleration of 3 kg mass is 


(b) 2 ms” 
(d) 4ms~ 


(a) 1 ms” 
(c) 3 ms”? 


A pearl of mass m is in a position to slide over a smooth 
wire. At the initial instant the pearl is in the middle of 
the wire. The wire moves linearly in a horizontal plane 
with an acceleration a in a direction having angle @ with 
the wire. The acceleration of the pearl with reference 
to wire is 
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s = m = m 


-= 
~- m m e 


(a) g sin 0-a cos 0 (b) g sin 0- g cos 0 
(c) g sin +a cos 0 (d) gcos +a sin 8 


50. A straight tube of length L contains incompressible (a) (b) 2 ML œ? 
liquid of mass M and the closed tube is whirled in 4 ; 
horizontal plane about one of the ends. If œ is the (c) MLo (d) ML œ? 
uniform angular velocity, the force exerted by the liquid 4 
on the other end is 
Answers to Practice Exercise 1 
1. (a) 2. (b) 3. (a) 4. (d) 5. (o) 6. (d) 
8. (d) 9. (c) 10. (c) 11. (d) 12 (c) 13. (c) 14 
15. (d) 16. (a) 17. (b) 18. (a) 19. (b) 20. (a) 
22. (b) 23. (a) 24. (d) 25. (o) 26.  (c) 27. (a) 
29. (c) 30. (d) 31. (a) 32. (o) 33. (d) 34. (b) 35 
36. (0) 37. (b) 38. (b) 39. (a) 40. (o) 41. (a 
43. (d) 44. (d) 45. (b) 46. > (a) 47. (o) 48. (b) 
50. (c) 
EXPLANA TONS 
l. (a) 2. (b) 8. (d) Let a be the acceleration of the system 
3. (a) 4. (d) 60 
=—— =l 2 F.B.D. of 
a=io+20+30 7 S orh 
5. (c) 
Force exerted by plane N = mg cos 0 We have T, =m, a= 10 x 1 I= 10N 
N N; 
—# +» 
mg sin 
mg mgcos Ti 
foes ek mg 
6. (d)Tension in the string is 
2 l 
T O E R Total downward 2m—m 
m +m, 9. (c) In the first case, a, = 8 =gh 


thrust = 2T= 4 x 9.8 x2 = 8 x 9.8 N In the second case, 2 mg-mg=m a, 


7. (c) ~ a, =g 


3.14 


10. 
l1. 
12. 


13. 


14. 


15. 


16. 


17. 


18. 


2x3x5 
3+5 


] 
g = 2E 2375N 


(c) We know, T = 
(d) 


(c) Let T be the tension in the string. 


The upward force exerted on the clamp = T sin 30° = = 


Given == 40N or T=80N 


If ais the acceleration of monkey in upward direction, 


(Tams _80-5x10_¢ yy 
m 
10-5 g 
d = = — 
(9 4 = i0458 73 


(c) 2T cos 0 =./2 mg, 


(d) Let a be the acceleration of the system 


mg-T=maandT=ma 


— ns 
m, +m, 
m 
(a) In case (a) acceleration; a = 28 
m +m, 
In case (b) acceleration, a = F-2mg 
2m 
F-2 
In case (c) acceleration, a = a 
2m 
F 
p = 2mg 
In case (d) acceleration, @ = ————— 
2m 


For minimum time acceleration should be maximum 


(b) a= g/3 and 3g — kx = 3a > x = 20 cm 


(a)| A Hk kx=Ma  kx—{B F 
F — kx = Mb (acceleration of B is b) 
ja F — kx -E 

M M 


19. 


20. 


21. 
22. 


23: 


24. 


25. 


26. 


pap 


28. 
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(b) Resultant force on block along the incline plane is 
= F cos — mg sin 


(a) If acceleration of block B is a downward, then 
acceleration of block A is 2a upward along the incline. 


For block B, 4g -T = 4a ..(1) 


For block A, > 2g sin 30° = 2(2a) 


=> Tg2g = 0u ... (ii) 
. m 8 
From (i) and (ii) a = 6 
g 10 
acceleration of block A = 2a = 3 m/s? = z m/s? 
(c) 
(b) 19.6 = ux10x9.8 


u =0.2 


(a) as the body is at rest applied force = friction force 
= mg sin 0 


l 
Friction force = 2x g a =g =9 8N 


l 
(d) We know, tan A= u, =7 or cotA=5 
=> À= cot! (5) 
m m _ l 
© Tha =u Tl-h)s, h= 


(c) mg(sin 0 + u cos@) = 2 mg (sinf — u cos@) 
> tanĝĵ=3 u 
=> tanl = 3 tanọ {'~7 u =tand} 


(a) Eeh nE F<20N 


(c) mg sin 0 > u(mg cos 0+ mg) 


sin 0 


0 
—_____ > = tan — 
1+cos@ we 2 


(c) Mg sin 0 > u(Mg + Mg cos 8) 
tan0/2> u 
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30. 


31. 


a2, 


33. 


34. 


35. 


36. 


(d) T cos 30°=f=uN 


8 
T sin 30° = 8 tan 30° = _ 4, 


uN 
o 8 83 gs 
H= Ntan30 40 ~ 


= a = — 
(a) mg = may, u 


(c) Frictional force on block B = 0.4x3x10=12N 


; 12 _ 
Hence, acceleration = 3 =4ms" 


Hence, maximum force 
F =(m,+m,)a =(6+3)x4=36N 
(d) Surface between wall and A is smooth, so the system 


will fall with acceleration g. 


(b) Force at the surface of BC 


N = 2m(a), a = acceleration of system 


Webm ae 
Sm 5 
To prevent slipping of block B 
_ u2F -2 
uN =mg => ——=mg F= = mg 
5 : 2y 


(b) Resultant force on block along the incline plane is 
= F =2T cos 0 


(c) Let F be applied at origin from the given figure 
F=2T cos @ 


Then force causing motion is given by T 


F F x 
rsin = { )sino® © tan = >= 


2cos 6 2 «la? =x 


k—— 2—____ | 
x 
acceleration = —— - - 
a —x 


37. 


38. 


39. 


40. 


41. 
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(b) The particle is displaced from mean position and 
then released, 1.e., at £ = 0, the tension is minimum 
because the particle is at the extreme position where 
the tension has to balance only the radial component 
of the weight of the particle. Tension is maximum at 
mean position because it has to provide the weight as 
well as centripetal force also. 


(b) The force on mass m, is 
F = m a and force on m, is, F, = m,a' 
but F=F +F,=ma+ ma 

F-ma 


da = 


mM, 


2 


mv 
(a) Here, 20 x 9.8 = = 20 x 9.8 


r 
or v= ¥20x9.8 = 14 ms” 


(c) Let a be the acceleration down the rough plane and a’ 
be the acceleration down the frictionless plane. Taking 
L as the length of the inclined plane, we get 


a = g (sin 0 —u cos 0) 
“(3-4 C- 0= 45°) 
2 


l 
h la y 
2 


l l 
Then L = ry at? a3 a' t? 


But ¢, = nt, (given) 


1 

l l alae l 8 2 
— g| -=-= | Rt? = -=t 
2 5-5 ? 2 V2 ? 


(a) The masses will be lifted if the tension of the string 
is greater than the gravitational pull on masses. 


SON 
T I 
20N 50N 


Weight of 5 kg mass = 5 x 10 = 50 N and 2 kg mass 
=2x10=20N 


From free body diagram 
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42. 


43. 


44. 


50-2T=0 
or T=25N 


So 5 kg weight can not be lifted (* acceleration = 0) 
but 2 kg weight will be lifted. 


5 
25 —20 =2a ora= 7 = 25 ms” 


(d) Planes PQ and QR are frictionless and impact is 
neglected, so mechanical energy will conserve, 


h' =h 


(d) Radius of horizontal circle of ball 


=(L+Lsin 8) 
C.P. Acceleration = (L + L sin 0) œ? (C7 a =r œ’) 
Here mg = T cos 0 . (i) 


and mæ? (L + L sin 0) =T sin 8 
Dividing (ii) by (i) 


... (11) 


mne @’ (L+ Lsin 8) 
8 
g tang 
or @= ——— 
L(1+sin 0) 
ar =m. 
max L mg 
2 
and T = ch —mg 
mv, 
+ mg 
Then —= = 2a 
Trin mv, —mg 
2 
vo, +gL 
Din .@ 
v, -gL 


Using v’ — u’ = 2 aS, we get 
v? — v, =- 2g (2L) =- 4gL 


or v, =v, +4gL 


T +4gL+gL 
Then from (i) Smo Pr TERT SE 


min 


v? — gL 


45. 


46. 


47. 


48. 


49. 
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Sara (ee 

3 

o aT a a 
v —10x — 
3 


or 3v, =300 =o0r v, = 10 ms? 


(b) For equilibrium, the forces exerted by both walls 
on the man should be equal so as the horizontal forces 
may balance but the vertical forces can be balanced 
even if the forces of friction on the two walls are 
unequal. 
(a) Considering free body diagram, 

mg — T = ma (for hanging mass) 
and T = ma 
(for mass lying on surface) 


Adding mg = (m m) a 


and T=1x5=5N 


(c) Limiting frictional force = u mg 
=0.25x2x10=5N 


So the block and trolley will not have relative motion 
for a force of 2N. 


Here, 2 = (20 + 2)a 


2 | 
or a= > 11 
= 0.09 ms” 
Then frictional force 
= 20 x 0.09 = 1.8 N 


(b) Here T, — T, = 6a, 
T,- lg = la and 3g - T, =3a 


Addition of the above three equations give 
10a = 3g — lg = 2g 


2 
— E — EE 10=2 -2 
or a 10 Ê 10 * ms 


(a) Let a, a and a, be the net leftward horizontal 
acceleration of bead, net downward vertical acceleration 
of bead and relative acceleration of bead with reference 
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to rod respectively. Then 
a =a cos@+a 


and a =a, sin @ 


Projecting forces vertically and horizontally 
mg — N cos 0 = ma sin 0 . (i) 
and N sin 6 = m (a cos @ + a) w (ii) 
From (1) and (11) 
mg sin 0 = ma + ma cos 8 


i.e., a= g sin 0 — a cos 0 


PRACTICE EXERCISE 2 
(SOLVED) 


1. A smooth block is released at rest on a 45° incline and 
then slides a distance d. The time taken to slide is n 
times as much to slide on a rough incline plane than 
on a smooth incline. The coefficient of friction is 

l 

e 


l 
(a) H,al- a (b) HL. n 


d -l 
(d) u = n 
[AIEEE 2005] 


Solution (a) 
case (i) Without friction d == sin 45 £? ALD 


case (ii) With friction d =|sin 45— 4, cos 45] P n?...(2) 
l 
From (1) and (2) u, = | ope 


2. The upper half of an inclined plane with inclination o 
is perfectly smooth. While the lower half is rough. A 
body starting from rest at the top will again come to 
rest at the bottom if the coefficient of friction for the 
lower half is given by 
(a) 2 sino 
(c) 2 tan ġo 


(b) 2coso 
(d) tan 
[AIEEE 2005] 


s 
Solution (c) mgs sin > = u mg cos 5 H= 2 tan 9. 


3. A block is kept on a frictionless inclined surface 
with angle of inclination a. The incline is given an 
acceleration a to keep the block stationary. Then a is 


equal to 

(a) & (b) g cosec a 
tan a 

(c) g (d) g tana 


[AIEEE 2005] 


Solution (d) ma cos a = mg sin a or a = g tana 
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50. (c) Let there be a small element of length dl at a distance 
L from the end of rotational axis. 


M 
Mass of the element dl = T dl 


Small radial force on this element 


E 
M 
Total force -{( ito’ 
0 


ML’ 
2 


M L 
= œo? | idi = 
L 0 


macosa@ 


(a) (b) 


4- A particle of mass 0.3 kg is subjected to a force F = kx 
with k= 15 N m”. What will be its initial acceleration if 
it is released from a point 20 cm away from the origin. 
(a) 3 ms”? (b) 15 ms? 

(c) 5 ms”? (d) 10 ms? 
[AIEEE 2005] 


= —- = 10 ms”. 


Solution (d) a= 


5. A. Frictional forces are conservative forces. 

R. Potential energy can be associated with frictional 

forces. 

(a) A and R both are true and R is correct explanation 
of A 

(b) A and R are true but R is not correct explanation 
of A 

(c) A is correct but R is wrong 

(d) Both A and R are wrong 

[AIIMS 2005] 


Solution (d) 


6. Which is true for rolling friction (u ), static friction (u ) 
and kinetic friction (u,)? 
(a) u, >H,>H, 
(c) M, <H,>H, 


(b) u, <u,<H, 
(d) u, >4,> H, 
[BHU 2005] 


Solution (a) 
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7. Two weights w, and w, are suspended to the two 
ends of a string passing over a smooth pulley. If 
the pulley is pulled up with g then the tension in the 


string is 
4w w, 2w, w, 
O mtw O mtw 
wim w, +w, 
o wtw, (¢) > 


[BHU PMT 2005] 
Solution (a) See short cut rule 5 and put a’ = g. 


8. The adjacent figure is the part of a horizontally stretched 
net. Section AB is stretched by 10 N. The tensions in 
the section BC and BG are 
(a) LON, 11N 
(c) LON, 1ON 


(b) 1ON,ON 
(d) cannot be determined 
[CET Karnataka 2005] 


Solution (c) Apply Lami’s theorem 
Í; T, 10 


sin120 = sin 120 = sin 120 


. T,=T,=10N 


A 
(a) (b) 


9. In the figure shown, a cubical block is held stationary 
against a rough wall by applying force F then incorrect 
statement among the following is 


4 F 


(a) (b) 


(a) frictional force f= Mg 

(b) F= N, N is normal reaction 
(c) F does not apply any torque 
(d) N does not apply any torque. 
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Solution (d) For equilibrium f = Mg and F = N. for 


maintaining rotational equilibrium N will shift downward. 
Hence, torque due to friction about COM = Torque due to 
Normal reaction about COM. 


10. A block of mass m is placed on a smooth wedge 
of inclination @. The whole system is accelerated 
horizontally so that block does not slip on the wedge. 
The force exerted by the wedge on the block has a 


magnitude 
(a) mg (b) mg cos 0 
(c) mg/cos 0 (d) mg tan 0 


Solution (c) mg sin 0 = ma cos 0 or a = g tan 0 
N = ma sin 0 + mg cos 0 = m g tan 0 sin 0 + m g cos 0 


mg 
cos 


dii n2 2 

Toa (sin? 0 + cos? 0) = 
11. A person standing on the floor of an elevator drops a 

coin. The coin touches the floor of the elevator in time 

t, when the elevator is stationary and time t, when 

elevator is moving uniformly then 

(a) 4=6 

(b) t, >t, 

(c) t<t, 

(d) ż >t, ort, <t, depends whether lift is moving up 

or down. 


Solution (a) An object released from a moving body 
acquires its velocity also. 


12. A boat of mass 300 kg moves according to the equation 
x = 1.2 t? — 0.2 £t. When the force will become 


zero? 
(a) 2s (b) ls 
(c) ós (d) 2.8 s 


dx 
Solution (a) a~ 2.4 t- 0.6 £ and 
2 
d? T 


ort=25S. 


242 LZ THO 


13. A ball falls from a height h in a fluid which offers a 
resistance f = —kv. Find the terminal velocity if mass 
of the ball is m 
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mg mgh 
(a) = O) > 
mg — B 
(c) F (d) none of these 


[B is Buoyant force] 


mg 
Solution (a) mg = kv or v = FA 


14. Assuming coefficient of friction 0.25 between block 
and incline. Find the acceleration of each block in 
the given Figure 


& E 
Or (b) 7 
(c) (d) none of these 


Solution (a) m,a = T,- T,- m.g sin 37 — um,g cos 37 


I-T, l 
or a= om — g sin 37 — z g cos 37 
o T,-T,-08g=a we 
T,-O5 g=5 a we (3) 
mg—T,=m,a 
or 2g-T =2a ctl) 
Adding (1), (2) and (3) 3.5a = 0.78g 
or a= & 
5 ` 


15. An 8 kg block of ice, released from rest at the top 
of a 1.5 m long smooth ramp, slides down and falls 
with a velocity 2.5 ms“. Find angle of the ramp with 


horizontal. 
(a) 12° (b) 18° 
(c) 15° (d) 30° 


Solution (a) v? = (2g sin 6) s 
v? 25825 B 0.5 


or sne = 995 2x10x15 2.4 =020 
or @O=12°. 


16. A 60 kg boy stands on a scale in the elevator. The 
elevator starts moving and records 450 N. Find the 
acceleration of the elevator. 

(a) 2.5 ms? upward 
(b) 2.5 ms? downwards 
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(c) 2.5 ms” in either direction 
(d) none of these 


Solution (b) 450 = 60 (e — a) or 60 a= 150 a = 2.5 ms” 
downwards. 


17. A weight W is lifted by applying a force F as shown in 
Figure. Find F in terms of W. Assume constant velocity. 


F F 
n W 
W 
(a) (b) 
(a) F=W (b) F=2W 
(c) F= ~ (d) none of these 


W 
Solution (c) 2F = Wor F = Ek 


18. A window scrubber is used to brush up a vertical 
window as shown in figure. The brush weigh 12 N and 
coefficient of kinetic friction of 0.15. Calculate F 


F sin 53 


Window 


(b) 
(a) ISN (b) 10.2N 
(c) 16.9N (d) 18.1N 
Solution (c) uN + mg = F sin 53; N= F cos 53 
L N 
d sin 53 — u cos 53 
12 
= 0.8-—0.15x (0.6) 
=16.9 N. 


19. Two blocks with masses m, and m, are stacked as shown 
in figure on a horizontal smooth surface. Coefficient of 
friction between the blocks is u. A force F is applied 
at angle @ with the horizontal on block of mass m, as 
shown in figure. Find the maximum force F so that the 
blocks move together. 
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Solution N= (m, g +F sin 0); F,= uN e Ts 


20. 


mdv i 
Solution (c) 7 =-k z 


Or 


Or 


or 


21. 


22 
me cosa m Cos q 
(a) “a (b) ag 
2asin a 2asin* a 
mg” COSa mg’ cos? a 
o = gne 
2asin® a Pasing 
mdv at’ cosa 
Solution (c) at cos a = Ji orv = mn 


At the break off point mg = at sin a 


mg 

asina ` 
=u (m, g + F sin 6) > 
sesa | mg ) _ mg’ cosa 


Fcos@-F.=m.a 
f 1 z bf 2 ry 
2m asin a 2asin* a 


y= 
F cos 80- u (Fsinð+m g)=m,a (1) 

F cos 0=(m,+m,) a .. (2) 22. Avblock of mass m is placed on a wedge of mass m 
and inclination @ as shown in Figure. All surfaces are 


From (1) and (2) F cos @— u (F sin 0 + m, g) = smooth. Find the acceleration of wedge. 


m (F cos@) 


m; +m, N + ma, sin 0 


or m, F cos 0- u F sin O (m, + m,) — u m (m + m,) On 
g=0 ; mg sin 0 + 
um (m +m,)g 


a caso aman ein aN 


A rock of mass m slides down with an initial velocity (a) (b) 


v „ A retarding force F = —k f acts on the body. The 


velocity at any instant is given by 
kt í kt ) 
(a) al ee (b) v=v — n 


(c) Jv = Vv, — £ (d) none of these 
m 


X N cos 0 
jae ple a 
ME, m , 
f (a) _mgcos 0 (b) _img sin’ 0 
y2 ay? kt M +msin’ @ M +mcos’@ 
= mg sin 0 cos 8 mg sin 0 cos 8 
i í (c) PEPER (d= 
v2 -y? kt +msin° 0 M +mcos’ @ 
; Solution (c) 


ma = mg sin 6 + ma, sin 8 
At t= 0, a force F = kt is applied on a block making 
an angle æ with the horizontal. Suppose surfaces to be 
smooth. Find the velocity of the body at the time of 
breaking off the plane. N sin 0 = Ma, .. (3) 


or a=gsin@+a,cos 8 .. (1) 


N = mg cos 0 — ma, sin 8 .. (2) 
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From (2) and (3) 
Ma, 

= mg cos 0 — ma, sin 8 
sin @ 


mg cos@ sin @ 
or a = 


° M+msin? 0 


23. The tension T in the thread shown in figure 1s 


10 kg 10 kg 
(a) 10N (b) zero 
(c) 98N (d) 196N 


Solution (c) T= mg = 10 (9.8) = 98 N 


24. A light spring of spring constant k is cut into two 
equal halves. Each half is connected in parallel then net 
spring constant of the combination is 


k k 
(a) 4 (b) p 
(c) 2k (d) 4k 
(e) k 


l 
= _ oa Co — 
Solution (d) k,,= 2k + 2k = 4k í í >) . 


25. Momentum is closely related to 
(a) force (b) impulse 
(c) velocity (d) kinetic energy 
[DCE 1997] 


Solution (c) 


26. A force F = k t (t — t) acts on a particle of mass m, 
which is at rest at t= 0 where k is a constant. Find the 
momentum of the force when the action of the force is 


discontinued. 
kr? kt? 
(a) Z (b) — 
2 3 
kt? kt? 
c) — d) —. 
(c) 6 (d) F 


Solution (c) Ap = Í Fdt = f : kt(t -tdt 


T3? 3 
k 
= 6 


27. A body of mass m rests on a horizontal plane with a 
friction coefficient u. At t = 0, a horizontal force is 
applied (F = a t) where a is a constant vector. Find the 
distance traversed in first f sec. 
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(a) Zf Ae) b) r 


6m a 6m 
(c) Kaa ugt (d) l p ugt 
6m 2 6m 3 


Solution (a) After the application of force body begins to 
move after a time ¢, such that 


umg dv a 
at, = u mg ort, = F u mE 
a a T? 
Put t—1,=Torv=—|Tdt=— —— 


F a < d_l T? a ; 

raka la =. 2 pe en. 
m” 2 m 6 6m (=t) 

28. A horizontal disc rotates with a constant angular 
velocity œ about a vertical axis passing through its 
centre. A small body m moves along a diameter with 
a velocity v. Find the force the disc exerts on the body 
when it is at a distance r located from the rotation 
axis. 

(a) mræ®+ 2mv œ 


(b) mg + ym ra" +(2mva) 
(c) .{m?g*+(2mva)? + mr oœ? 
(d) mlg’ +r'o* +(2va)’ 


Solution (d) The force mg is vertical, 2mvq@ perpendicular 
to vertical plane and mr œ?’ outward along the diameter. The 
resultant force is 


F= mg +r°o* +(2va)’ 


29. A bead A can slide freely along a smooth rod bent in 
the form of a half circle of Radius R. The system is set 
in rotation with a constant angular velocity œ about a 
vertical axis OO’. Find the angle @ corresponding to 
steady position of the bead. 


© 


Se -#--------- 
D G 
4 


mra’ cos 0 


->7- 


mra? 
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Solution (b) forces acting along the tangent to the radius 
r= R sin ð. 


mg sin 0- mr w* cos 0=0 


ro? 
or mg sin 91-22 cos] =0 
§ 


& 
or = cos 2s), 


30. A block of mass m is placed on a wedge of Mass M. 
Coefficient of friction between them is u > cot 0. 
The wedge is given an acceleration to its left. Find 
the maximum acceleration at which block appears 
stationary relative to wedge. 


-i 


(a) g(sin 0 — ucos 0) (b) g(sin@ + ucos 0) 
cos + usin 8 cos 0 — using 
ge + usin @) Cee 
sin @ — ucos@ 


Solution (©) 
N= m (g cos 0 +a sin 0) 


ma cos 0 = mg sin 0 + uN 
ma cos 0 = mg sin 0+ u mg cos 0 +u ma sin 0 
ma (cos @ u sin 0) = mg sin 8+ mg cos 0) 


ge (sin 8 + ucos@) 
or = E a E 


cos — usin 0 


31. Inthe arrangement shown in Figure pulleys are smooth 
and massless. Threads are massless and inextensible. 
Find acceleration of mass m.. 

[2m m, +m, (m —m,)]g 


(a) 


2mm, +m,(m, +m, ) 


(b) [4m,m, -m (m —m,)]g 


4m,m, +m,(m, +m, ) 


Lawsof Motion 
[4m,m, —m,(m, —m,)]g 


(c) 
4m,m, +m,(m, +m,) 
(d) none 
T T 


mg m, & 


Gi) Gii) 


Solution (b) m g-T=m, a, 
m, g-T=m, a, 
ma=2T 


a +a, = 2a 


[from Fig 5.36 (ii)] 
[from Fig 5.36 (iii)] 
[from Fig 5.36 (i)] 


Solving we get a, = Pini, +m,(m, +m,) 

32. A train of 2000 tonne moves in the lattitude 60° 
North. Find the magnitude of the lateral force that 
the train exerts on the rails if it moves with a velocity 
54 km h”. 


2mv œ sin 60 


i} 
I 
i} 
i} 
i} 
i} 
i} 
' 
l 
2mv @ 
l 
| 
| 
| 
| 
| 
| 
| 
I 
l 
l 


equater 


(a) 2.4 x 10°N 
(c) 3.6 x 10° N 


(b) 3.6 x 104N 
(d) 2.4 x 104 N 


Solution (c) F =2 mv œ sin 60 


asasen A VB 
24x60x60 2 


= 3.6 x 10N. 


33. A particle of mass m moves along the internal smooth 
surface of a vertical cylinder of radius r. Find the force 
with which the particle acts on the cylinder wall if at 
t = Q, its velocity is v, and it makes an angle œ with 
the horizontal. 


J ¥ 
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2 2 
(a) Mo (b) s COS Q 
R 
2 e 2. 
mv" sina mv" sina 
(Cc) 22s (d —2 
R R 


mv mMm VvV cosa a 
Solution (d) F= m —e 


34. Find the magnitude and direction of force acting on a 
particle during its motion in a plane xy according to 
the law x =a sin æ t and y= b cos œ t where a, b and 
@ are constants. 


Solution 7 =xjty J =acos@ti +bsinwt j 


dr ; ^ ^ 
v= — =-awsinwti+bacosat j 
dt 
d’r 2 A 2e fs 
a= — =-aw’coswti —bo’*sinot j 
dt 
=-w* r 


= -E nO 
F =m a=-mQ@‘ y 


35. Two blocks one of mass A = 1 kg and B = 2kg. A force 
of 5 N is applied on A [see Figure]. Coefficient of 
friction between A and B is 0.2 and that of between B 
and horizontal surface is zero. Find (a) acceleration of 
A and B (b) The time taken for the front surface of A 
to coincide with that of B. 


[CBSE PMT Mains 2005] 


Solution (a) ma = F- uN 


or la, =5-(.2)x10=a,=3 ms”. 


UN 

a,=y. =1 ms”. 
B 

(b) a4,=a,—a,=2 ms”. 

l 

sag uh 
4x2 

i= 5 =A 


36. As shown in Figure mass of the bodies is equal to 
m each. If coefficient of friction between horizontal 
surface and mass is 0.2. Find the acceleration of the 
system. 


[CBSE PMT Mains 2005] 


3.23 
Solution mg- T= ma .. (1) 
T- umg = ma .. (2) 


Adding (1) and (2) and solving 


5 (=H) =a 
or a=0.4g=4ms~. 


37. A particle is observed from the frames S, and S,. The 
frame S, moves with respect to S, with an acceleration 
a. Let F, and-F, be two pseudo forces acting on the 
particle when seen from S, and S, respectively. Which 
of the following are not possible. 
(a) F,=0, F, #0 (b) F, #0, F, #0 
(c) F #0, F, =0 (d) F,=0, F,=0 


Solution (d) 


38- Figure below shows displacement of a particle going 
along the x-axis as a function of time. The force acting 
on the particle is zero in the region. 


(m) 
x 


time 


(a) AB (b) BC 
(c) CD (d) DE 
Solution (a) and (c). In regions AB and CD 
dx 
v=", = constant. 
mdv 
dt ` 


39. A person says that he mesured acceleration of a particle 
to be non-zero while no force is acting on the particle. 
Then, 

(a) heis a liar 

(b) his clock might have run slow 

(c) his meter scale might have been longer than the 
standard 

(d) he might have used non-inertial frame of reference 


Solution (d) Pseudo force will act in non-inertial frame. 
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40. Aman holds a thin stick at its two ends and bend it in an 
arc like a bow without a string. Which of the following 
figures correctly show the directions the force exerted 
by him on the stick? Neglect gravity (c) (d) 
á N Solution (b) Resultant of forces be zero. 
(a) (b) 


PRACTICE EXERICSE 3 
(UNSOLVED) 


1. A toy train consists of three identical compartments A, 
B and C. It is being pulled by a constant force F along 
C. The ratio of the tension in the string connecting AB 


and BC is 
(a) 2:1 (b) 1:3 
(c) 1:1 (d) 1:2 


2. A block of mass M is pulled along a smooth horizontal 
surface with a rope of mass m. The acceleration of the 


block will be 
(a) F/(M + m) (b) F/(M—m) 
(c) F/M (d) F/m 


3. A body of weight 50 N is dragged on a horizontal 
surface with a force of 28.2 N. The frictional force 


acting on the body and the normal reactional force 6. Ablock of mass m is placed on a smooth inclined plane 
will be of inclination @ with the horizontal. The force exerted 
by the plane on the block has magnitude 
(a) mg tan 0 (b) mg cos 0 


(c) mglcos 0 (d) mg 


7. The work done in dragging a block of mass 5 kg on 
an inclined plane of height 2 m is 150 Joule. The work 
done against the frictional force will be 


(a) 200 Joule (b) 150 Joule 
50 N (c) 100 Joule (d) 50 Joule 
8. Two masses m and M are lying on a surface moving with 
(a) 2N, 3N (b) 5N, 7N acceleration a. Only the given supporting and moving 
(c) 10N, 15N (d) 20 N, 30N surface has coefficient of friction as u. The frictional 


forces for u > a/g and u < alg are 
4. Two blocks of mass 4 kg and 2 kg are placed in contact 
with each other on a frictionless horizontal surface. If 
we apply a push of 5N on the heavier mass, the force m 
on the lighter mass will be 
(a) 2N (b) 4N 
(c) 5N (d) none of these M 


5. A jar containing water is placed in a train. The train 


accelerates from left to right. Which of the following po 


shows the water level in a jar correctly? a 
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(a) ma, ma 


(c) umg, umg (d) umg, ma 


A small sphere of mass m is attached to a spring of 
spring factor k and normal length /. If the sphere 
rotates with radius r at frequency v then tension in the 
spring is 


- - _ u 
a“ — as 


@— 0000 —@ 
\ O mM: 
(a) kil (b) k (r-D 
(c) mr (2nv)* (d) kl 13. 


A mass is resting on a rough plank. At initial instant a 
horizontal impulse is applied to the mass. If the velocity 
of mass at instant ¢ is v and displacement upto this 
instant is S then correct graph is 


A light rope passes over a pulley. One section of the 


rope is held by a child and the other section by a man, 44 


then 


(a) the man and the child have same vector accelerat 
ion. 

the man and the child have same magnitude of 
acceleration but in opposite direction. 

(c) the man and the child have different magnitude of 
acceleration. 

the man and the child have accelerations which 
keep on interchanging with each other. 


(b) 


(d) 


(b) ma, umg |2; 
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A trolley is under the action of a constant force F. The 
sand contained by it is poured out through a hole in 
the floor at the rate of m per second. If initial mass of 
sand and trolley was M and initial speed was u, then 
acceleration of trolley is given by 


F 
b 
(a) M -mt (0) M +mt 
F F 
— d 
(c) TI (d) TER 


A smooth track of incline of length / is joined smoothly 
with circular track of radius R. A mass of m kg is 
projected up from the bottom of the inclined plane. 
The minimum speed of the mass to reach the top of the 
track is given by, v = 


t| 


(a) [2g (l cos 8+ R) (1 + cos 0)]'? 
(b) (2g lsin 0 + R)!” 
(c) [2g {1 sin 8 +R (1 -— cos 6)}]'” 
(d) (2g Lcos 6+ R)? 


A massless string of length / passes over a frictionless 
pulley with horizontal axis. Two monkeys hang 
from the ends of the string at the same distance //2 
from the pulley, the monkeys start climbing upwards 
simultaneously. First monkey climbs with a speed v 
relative to the string and the second with speed of 2v. 
Both monkeys have got same masses. The time taken 
by the first and second monkeys in reaching the pulleys 
are respectively. 


2v 
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DH «BE 
vV 2v v vV 
] > 1 1/2 1 1 
© (sy) © (a)l) 


15. Neglecting the masses of the string and pulley 
and ignoring the friction in the system, we find 
that 


(a) weights fall freely. Pulley B rotates clockwise and 
pulley A, C rotate anticlockwise. 

the two weights have different accelerations. Pulley 
C rotates clockwise and B, C rotate anticlock 
wise. 

(c) acceleration of masses will be zero and the system 
will be at rest. 

acceleration of masses is equal to g. Pulley A 
and C rotate clockwise whereas B rotates 
anticlockwise. 


(b) 


(d) 


16. A simple pendulum is vibrating with an angular 


T 
amplitude of > The value of « for which the resultant 


acceleration has a direction along the horizontal is 


id 
@) 5 


(c) cos! í 


l 


3 


| 


(b) 180° 


(d) cos! í 


l 


J 


17. A body of mass m starting from rest slides down a 


| 


frictionless inclined surface of gradient «œ fixed on the 
floor of a lift accelerating upward with acceleration a. 
Taking width of inclined plane as W, the time taken by 
body to slide from top to bottom of the plane is 


20. 
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| 5 

a 

a 
—  W—— y 


2 2 4W 3 
(a) 5 (b) cE] 
(g+a)sina (g—a)sina 


4 2 3 
(c) r ) (d) aoe] 
(g +a)sin 2a (g +a)sin2a 


A very small mass.m is fixed to one end of a massless 
spring of constant k and normal length /. The spring and 
the mass are rotated about the other end of the spring 
with angular speed w. Neglect the effect of gravity. 
Extension in the spring is 


(a) zero iy ae À 
k+mo 

2 
(c) mle? a es 
k - mo’ 


A rope is stretched between two boats at rest. A sailor 
in the first boat pulls the rope with a constant force of 
100 N. First boat with the sailor has a mass of 250 kg 
whereas the mass of second boat is double of that mass. 
If the initial distance between the boats was 100 m, the 
time taken for two boats to meet each other is 


(b) 18.3 s 
(d) 31.8 s 


A block of mass M is situated on a smooth horizontal table. 
A thread tied to the block passes through a hole in the table 
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pale 


22, 


23. 


and carries amass mat its other end. If the length of thread 
above the table is Zand M is revolving in horizontal circle 
with angular speed @ on the table, then value of m so that 
it remains suspended at a constant height h is 


(a) Mghw? (b) Mela? 
Mlo’ 
(c) g (d) Mla? 


A parachute of mass m starts coming down with a 
constant acceleration a. Determine the ballast mass 
to be released for the parachute to have an upward 
acceleration of same magnitude. Neglect air drag. 


2ma ma 
(a) (b) 

a+g a-g 

ma 2ma 
(c) (d) 

a+g a—g 


Block A is placed on block B (mass of B > mass of A). 
There is friction between the blocks but the ground is 
frictionless. A horizontal force F, increasing linearly 
with time, begins to act on A. Accelerations a, and a, 
of blocks A and B respectively is correctly plotted.as 


(b) 


A circular table has a radius of 1m and mass 20 kg. 
It has 4 legs of 1 m each fixed symmetrically on its 
circumference. The maximum weight which can be 
placed anywhere on this table without toppling it is 


‘ fim |. 


(b) 34.8 kg 
(d) 43.8 kg 


(a) 84.3 kg 
(c) 48.3 kg 


24. 


29; 


26. 


ŽI: 


28. 
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A board is balanced on a rough horizontal semicircular 
log. Equilibrium is obtained with the help of addition 
of a weight to one of the ends of the board when the 
board makes an angle @ with the horizontal. Coefficient 
of friction between the log and the board is 


(a) tan 0 (b) cos 8 
(c) cot 0 (d) sin 8 


Two similar planes of mass m each having failed 
engines are being pulled by a stronger plane in air. At 
t = 0, they are travelling at uniform speed producing 
tension T, in rope A. The stronger plane then accelerates 
with acceleration a. Tension in rope B just after the 
beginning of acceleration is 


A 
B 
(a) T, (b) T,- ma 
(c) 2T, + ma (d) 2 + ma 


Velocity of a bullet changes from u to v after passing 
through a board of thickness d. Force of resistance is 
directly proportional to the velocity. Time of motion of 
bullet in the board is given by 


d(u—v du 
(a) du-v) (b) 
u 
uv log, — vlog, — 
vV 
dv d(v— 
(c) ; (d) d(v-u) 
uloga uvlog,— 


A rocket of mass m is fired vertically upward and after 
the fuel burning it weighs m’. Ejection of fuel gas is at 
a constant rate of m, per second with a constant velocity 
of u „relative to the rocket. Final speed of rocket after 
the complete burn out of fuel is given by v = 


(a) Ue log, = (b) Ue log, Mo 
m m 


m 

0 

(c) a Yel log, t 
m m 


ee 


A chain of length Lis lying in a smooth horizontal tube 
such that a fraction of its length A hangs freely and the 
end touches the ground. At a certain moment the other 
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29. 


30. 


31. 


end of chain is set free. The speed of this end of chain 
when it slips out of the tube is 


(b) fgh 


1 
1 \2 
(d) | 2ghlog, a 


dl}? 
(a) eh z| 


(c) J2gl 


A block of mass M with semicircular track of radius 


R rests on a horizontal smooth surface. A cylinder of 32. 


radius r slips on the track. If the cylinder is released 
from rest from top, the distance moved by block when 
cylinder reaches the bottom of the track is 


M(R-r) 
a) R-r b) ——— 
(a) (b) Tin 
M 
c R-r d r 
© 7 Rn AN 
A chain of length / is placed on a smooth spherical 33 
surface of radius r with one of its ends fixed at the top 
mr 
of the surface. Length of chain is assumed to be } < 3 
Acceleration of each element of chain when upper end 
is released is 
l 
a 
(a) 
rg Ll rg Ll 
(c) —| l-sin— (d) l -sin — 
l r l r 
34. 


A large free mass M and a small mass m are connected to 
a string such that m moves in horizontal circle. Length 
of string is / and @ is the angle this length makes with 
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vertical. The frequency of rotation of mass m so that 


M remains at rest is 


D 


- 
~ ” 
~ Pa 
~~- -Á we 


m \MI 

ml @ L Je 
2a \ Mg 2a \ ml 
Two blocks connected by a massless string slide down 
an inclined plane having angle of inclination as 37°. 
The masses of two blocks are 4 kg and 2 kg with u as 
0.75 and 0.25 respectively. 
(a) The common acceleration of two masses is 1.3 

ms~ and tension in string is 5.3 N. 
(b) Tension in the string is 14.9 N. 
(c) Acceleration of the mass is 3 N. 


(d) The acceleration of masses is 5.3 ms” and tension 
in the string is 1.3 N. 


Accelerations of the vehicle and mass m,, when pulleys 
are light and all surfaces are frictionless, are 


2m m 
(a) each Mag (b) a 
m, +m, 4m +m, 4m +m, 
2 m 2m 
(c) each M (d) ee 
m, +m, 4m,+m, 4(m,+m,) 


A block of mass m slides down an inclined right angled 
trough. If the coefficient of kinetic friction between the 
block and the trough is u, acceleration of the block 
down the plane is 
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35. 


36. 


37. 


(a) g (sin O— 2u, cos 8) 
(b) g (sin 0 + 2u, cos 8) 


(c) g (sin 0+ V2 u, cos 0) 
(d) g (sin 0— u, cos 8) 


A cylinder of radius r= 1 m and mass m = 5 x 10° kg 
is at rest on the edges of a structure as shown. Distance 


3 
a is 0.5 m and b = EJ m. Reaction force on edges A 


and B are 


(a) 24.6 KN, 24.6 kN 
(b) 42.6 KN, 42.6 KN 
(c) 42.6 KN, 24.6 kN 
(d) 52.6 KN, 5.6 kN 


Two blocks B, and B, of masses m, and m, respectively 
are connected with the help of a pulley and string as 
shown. Upper surface of vehicle is smooth but vertical 
surface is rough. 


Given a = g/7 and m, = 7.5 m,. Coefficient of friction 
between block B, and side of vehicle is 


(a) 0.4 (b) 0.5 

(c) 0.6 (d) 0.3 

Sixteen beads in a string are placed on a smooth inclined 
plane of inclination sin“ (1/3) such that some of them 
lie along the incline whereas the rest hang over the 
top of the plane. If acceleration at first bead 1s g/2, the 
arrangement of beads is that 


38. 


39. 


40. 


41. 


42. 
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(a) 12 hang vertically. 

(b) 10 lie along inclined plane. 

(c) 8 lie along inclined plane. 

(d) 10 hang vertically. 

A mass M is hung with a light inextensible string. 
Tension in horizontal part of string is 


(b) V2 Mg 
Mg 


(a) 3 Mg 


(c) —= (d) 
(IIT 1990) 


A ship of mass 3 x 10” kg initially at rest is pulled by a 
force of 5 x 104 N through a distance of 3 m. Assuming 
that resistance due to water is negligible, the speed of 
ship is 

(a) 0.2 ms”! 
(c) 1 ms! 


(b) 0.1 ms"! 
(d) 2 ms“! 
(IIT 1990) 


A bullet of mass M is fired with a velocity of 50 ms" at 

an angle @ with the horizontal. At the highest point of 

trajectory it collides with a bob of mass 3M suspended 
10 

vertically by a massless string of length 3 m and gets 

embedded into it. After the collision the string moves 

through an angle 120°, what is the angle of throw 0. 


(a) cos! (b) cos! 


(c) cos! (d) cos! 


a| e afn 


(IIT 1991) 


A car is moving in a circular horizontal track of radius 
10 m with a constant speed of 10 ms~!. A plumb bob is 
suspended from the roof of car by a light rigid rod of 
length 1 m. The angle made by rod with the track is 
(a) zero (b) 30° 
(c) 45° (d) 60° 

(IIT 1992) 


A ball weighing 10g hits a hard surface vertically with 
a speed of 5 ms and rebounds with the same speed. 
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43. 


44. 


45. 


46. 


The ball remains in contact with the surface for 0.01 s. 
The average force exerted by the surface on ball is. 


(a) 100 N (b) 10N 
(c) IN (d) OIN 
(Roorkee 1993) 


Tension in rod of length L and mass M at a distance y 
from F, when the rod is acted on by two unequal forces 
F and F, where (F, < F) at its ends is 
(a) F (1—y/L) + F, IL) 
(b) F, (1 -— y/L) + F, (/L) 
(c) F (1 + y/L) + F, IL) 
(d) F, (1 + y/L) + F IL) 

(IIT 1993) 
The magnitude of force (in N) acting on a body varies 
with time ¢ (in us) as shown. AB, BC and CD are straight 
line segments. The magnitude of total impulse of force 
on the body from t= 4 us to t= 16 us is 


800 G 


600 


D 


0 2 4 6 8 1012 14 16 
Time (us) —_” 


Force (N) ———> 
iN 
ae) 
© 


(a) 6x 10> Ns 
(c) 5x 10° Ns 


(b) 3x 102 Ns 
(d) 6x 10° Ns 
(IIT 1994) 


A smooth semicircular wire track of radius R is fixed in 
a vertical plane. One end of a massless springof natural 
length 3R/4 is attached to the lowest point O of the 
wire track. A small ring of mass m which can slide on 
the track is attached to the other end of the spring. The 
ring is held stationary at point P such that the spring 
makes an angle 60° with the vertical. Spring constant 
K = mg/R. The spring force is 


(a) 


(c) 
(IIT 1996) 


Block A of mass m and block B of mass 2m are 
placed on a fixed triangular wedge by means of 


47. 


48. 


49. 
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massless, inextensible string and a frictionless 
pulley as shown. The wedge is inclined at 45° 
to horizontal on both sides. The coefficient of 
friction between block A and wedge is 2/3 and 
that between block B and wedge is 1/3. If system 
of A and B is released from rest then acceleration of 
A is 


(b) 1 ms? 
(d) 3ms? 


(a) zero 
(c) 2 ms”? 
(IIT 1997) 


A large heavy box is sliding without friction 
down a smooth plane of inclination @. From a point 
P on the bottom of the box, a particle is projected 
inside the box. The initial speed of particle with 
respect to the box is u and the direction of projection 
makes an angle a with the bottom as shown. 
Find the distance along the bottom of box between 
the point of projection P and point Q where the 
particle lands. (Assume that the particle does 
not hit any other surface of the box. Neglect air 
resistance) 


Q 
P 
0 

(a) u’ sin 2a (b) u’ sin? a 
& 22 cos@ 

2: 2 à 
(c) u‘ sin 2a@ (d) u’ sina 

g cos g 

(IIT 1998) 


A spring of force constant K is cut into two pieces such 
that one piece is double the length of the other. Then 
the long piece will have a force constant of 
(a) 2/3 K (b) 3/2 K 
(c) 3K (c) 6K 

(IIT 1999) 


A cubical block of side L rests on a rough horizontal 
surface with coefficient of friction u. A horizontal force 
F is applied on the block as shown. If the coefficient of 
friction is sufficiently high so that the block does not 
slide before toppling, the minimum force required to 
topple the block is 
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50. 


SI. 


52. 


— > 


(b) mgl4 
(d) mg (l-u) 
(IIT Screening 2000) 


(a) infinitesimal 
(c) mg/2 


An insect crawls up a hemispherical surface very 
slowly. The coefficient of friction between the surface 
and the insect is 1/3. If the line joining the centre of 
the hemispherical surface to the insect makes an angle 
a with the vertical, the maximum possible value of a 
is given by 


(b) tana=3 
(d) coseca=3 
(IIT Screening 2001) 


(a) cota=3 
(c) seca=3 


A string of negligible mass going over a clamped pulley 
of mass m supports a block of mass M as shown in the 
figure. The force on the pulley by the clamp is given 


by 


(b) V2 mg 


(d) g J(M+m)?+M’ 


(IIT Screening 2001) 


(a) 42 Mg 


(c) g A(M +m)? +m 


The pulleys and string shown in figure are smooth 
and of negligible mass. For the system to remain in 
equilibrium, the angle @ should be 


DD. 


54. 


93. 


56. 


SI 


58. 
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(a) 0° 
(c) 45° 


(b) 30° 
(d) 60° 
(IIT Screening 2001) 


An ideal spring with spring constant k is hung from 
the ceiling and a block of mass M is attached to 
its lower end. The mass is released with the spring 
initially unstretched. Then the maximum extension in 
the spring is 
(a) 4 Mglk 
(c) Melk 


(b) 2 Mglk 
(d) Mg/2k 
(IIT Screening 2002) 


A force F acts on a particle so as to accelerate it from 
rest to a velocity v. The force Fis then replaced by F, 
which decelerates it to rest. 

(a) F, must be equal to F} 

(b) F, may be equal to F, 

(c) F, must be unequal to F, 

(d) none of these 


Two objects A and B are thrown upward simultaneously 

with the same speed. The mass of A is greater than the 

mass of B. Suppose the air exerts a constant and equal 

force of resistance on the two bodies 

(a) the two bodies will reach the same height. 

(b) A will go higher than B. 

(c). B will go higher than A. 

(d) any of the above three may happen depending on 
the speed with which the objects are thrown. 


A smooth wedge A is fitted in a chamber hanging from 
a fixed ceiling near the earth’s surface. A block B placed 
at the top of the wedge takes a time T to slide down the 
length of the wedge. If the block is placed at the top 
of the wedge and the cable supporting the chamber is 
broken at the same instant, the block will 

(a) take atime longer than T to slide down the wedge. 
(b) take atime shorter than T to slide down the wedge. 
(c) remain at the top of the wedge. 

(d) jump off the wedge. 


In an imaginary atmosphere, the air exerts a small 
force F on any particle in the direction of the particle’s 
motion. A particle of mass m projected upward takes 
a time ¢, in reaching the maximum height and t, in the 
return journey to the original point. Then 

(a) t,<t, 

(b) ¢, >, 

(c) 4 =4 

(d) the relation between ż, and t, depends on the mass 

of the particle. 


A person standing on the floor of an elevator drops a 
coin. The coin reaches the floor of the elevator in a 
time ¢, if the elevator is stationary and in time £, if it is 
moving uniformly. Then 

(a) 4 =4 

(b) t <1, 
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62. 
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64. 


(c) t >t, 
(d) t,<t,ort, > t, depending on whether the lift is 
going up or down. 


A free SU nucleus kept in a train emits an alpha 
particle. When the train is stationary, a nucleus decays 
and a passenger measures that the separation between 
the alpha particle and the recoiling nucleus becomes x 
at time ¢ after the decay. If the decay takes place while 
the train is moving at a uniform velocity v, the distance 
between the alpha particle and the recoiling nucleus at 
a time t after the decay as measured by the passenger is 


(a) x+vt 
(b) x- vt 
(c) x 


(d) depends on the direction of the train. 


Figure shows a heavy block kept on a frictionless 
surface and being pulled by two ropes of equal mass 
m. At t = 0, the force on the left rope is withdrawn but 
the force on the right end continues to act. Let F, and 
F, be the magnitudes of the forces by the right rope and 
the left rope on the block respectively. 


(a) F,=F,=F fort<0 

(b) F,=F,=F +mgfort<0 
(c) F,=F,F,=F fort>0 
(d) F.<F,F,=F fort>0. 


A monkey of mass 20 kg is holding a vertical rope. The 
rope can break when a mass of 25 kg is suspended from 
it. What is the maximum.acceleration with which the 
monkey can climb up along the rope? 

(a) 7 ms” (b) 10 ms”? 

(c) 5ms” (d) 2.5 ms” 


A force of 5 Newton acts on a body of weight 9.8 
Newton. What is the acceleration produced in ms”? 
(a) 0.51 (b) 1.46 

(c) 49.00 (d) 5.00 

A body of mass m is released from the top of a rough 


inclined plane of length /. If the frictional force is f then 
the velocity of the body of the bottom in ms™ will be 


(a) [—(ngh-D (b) 2 gh—fil 
m 
2 

(c) 2 gh (d) zero 
m 


A block of mass 2 kg is lying on a floor. The coefficient 
of static friction is 0.54. What will be the value of 


frictional force if the force is 2.8 N and g = 10 ms”? 
(a) zero (b) 2N 
(c) 2.8 N (d) 8 N 
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70. 
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A cube weighing 10 N is lying on a rough inclined plane 
of slope 3 in 5. The coefficient of friction between the 
plane and the cube is 0.6. The force necessary to move 
the cube up the plane will be 

(a) 64N (b) 10.8 N 

(c) 21.6 N (d) 108 N 


A block of metal is lying on the floor of a bus. The 
maximum acceleratin which can be given to the bus 
so that the block may remain at rest, will be 

(a) pg? (b) u’g 

(c) ug (d) ulg 


A body of weight w is lying at rest on a rough horizontal 
surface. If the angle of friction is 0, then the minimum 
force required to move the body along the surface will 
be 

(a) w cos 
(c) w sin 8 


(b) w tan 
(d) w cot0 


A block of mass 0.5 kg. rests against a wall exerting a 
horizontal force of 10 N on the wall. If the coefficient 
of friction between the wall and the block is 0.5 then 
the frictional force acting on the block will be 

(a) 49.9N (b) 9.8N 

(c) 4.90 N (d) 0.49 N 


A rope of length Lis pulled with a constant force f. T is 
the tension in the rope at a point distant x from the end 
where the force is applied. Then T is 


(a) f(I-x) Il (b) fl (I= x) 
o S @ £ 
l-x x 


Two masses m, and m, are attached to a string which 
pass over a frictionless fixed pully. Given that m, = 
10 kg and m, = 6 kg and g = 10 ms~. What is the 
acceleration of the masses? 

(a) 2.5 ms? (b) 5 ms” 

(c) 20 ms? (d) 40 ms”? 


A block is lying on the table. What is the angle between 
the action of the block on the table and the reaction of 
the table on the block? 

(a) 180° (b) 90° 

(c) 45° (d) Q° 


A parachutist of weight w strikes the ground with his 
legs fixed and comes to rest with an upward acceleration 
of magnitude 3 kg. Force exerted on him by ground 
during landing is 
(a) 4w 
(c) 2w 


(b) 3w 
(d) w 


The force that prevents the relative motion between the 
layers of a liquid is called 
(a) static friction 

(c) contact friction 


(b) sliding friction 
(d) none of these 
Gravels are dropped on a conveyer belt at the rate of 


0.5 kgs. The extra force required in newtons to keep 
the belt moving at 2 ms™'is 
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79. 
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(a) 0.5 
(c) 2 


(b) 1 
(d) 4 


Starting from rest, a body slides down a 45° inclined 
plane in twice the time it takes to slide down the same 
distance in the absence of friction. The coefficient of 
friction between the body and the inclined plane is 

(a) 0.25 (b) 0.33 

(c) 0.75 (d) 0.80 


When we walk once, we should take small steps to 
avoid slipping. This is because smaller steps ensure 
(a) larger friction (b) smaller friction 

(c) larger normal force (d) smaller normal force 


A chain of length L and mass m is allowed to fall on 
a table such that the part falling on the table comes to 
rest instantaneously. The force acting on the table when 
l part of it has lied on the table is 


3ml g 2ml g 
a) —— b) ——= 
(a) 7 (b) 7 

mlg 3ml g 
c) — d) —— 
(c) 7 (d) ra 


Two balls of mass lkg and 2 kg respectively are 
connected to the two ends of the spring. The two 
balls are pressed together and placed on a smooth 
table. When released, the lighter ball moves with an 
acceleration of 2 ms”. The acceleration of the heavier 
ball will be 

(a) 0.2 ms? 
(c) 2ms” 


(b) 1 ms? 
(d) 4 ms”? 


A fireman wants to slide down a rope. The breaking 
load for the rope is 3/4*of the weight of the man. With 
what minimum acceleration should the fireman slide 
down? Acceleration due to gravity is g. 


(a) zero (b) 


N |e |% 


A 
© = (d) 


A rain drop of mass 0.1g is falling with uniform speed 
of 10 cm. What is the net weight of the drop? 

(a) 10°N (b) 10°N 

(c) 2x 1OGN (d) zero 


A heavy unifrom bar is being carried by two men on 
their shoulders. The weight of the bar is w. If one man 
lets it fall from the end carried by him, what will be the 
weight experienced by the other? 

(a) none of these (b) w/4 

(c) w/2 (d) w 


The coefficient of friction of an inclined plane is 1/,/3 . 
If it is inclined at angle 30° with the horizontal, what 
will be the downward acceleration of the block placed 
on the inclined plane? 
(a) 0 

(c) y3 ms? 


(b) V2 ms? 
(d) 3 ms”? 
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A body is projected upwards with a kinetic energy of 
100 J. Taking the friction of air into account, when it 
returns on earth, its kinetic energy will be 

(a) more than 100 J (b) less than 100 J 

(c) 100 J (d) none of these 


Which of the following is a self adjusted force? 
(a) Sliding friction 

(b) Static friction 

(c) Limiting friction 

(d) Dynamic friction 


A body is placed over an inclined plane of angle z — 8. 
The angle between normal reaction and the weight of 
the body is 

(a) equal to the angle of friction 

(b) more than 0 

(c) less than 0 

(d) 0 


The frictional force due to air on a body of mass 
0.25 kg falling with an acceleration of 9.2 ms! 
will be 

(a) O.I5SN 
(c) ISN 


(b) 1SN 
(d) zero 


If a rough surface is polished beyond a certain limit 
than the magnitude of frictional force will 

(a) nothing can be said 

(b) some time increases and some time decreases 

(c) increase 

(d) decrease 


A car is moving on a straight horizontal road with a 
speed of 72 kmh-—1. If the coefficient of static friction 
between the tyre of the car and the road is 0.5, then the 
minimum distance, within which the car can be stopped 
will be 

(a) 72m 
(c) 30m 


(b) 40m 
(d) 20m 


When we kick a stone, we get hurt. Due to which one 
of the following properties does it happens? 

(a) Velocity (b) Momentum 

(c) Inertia (d) Reaction 


A cricket player catches a ball of mass 100 g and 
moving with a velocity of 25 ms“. If the ball is caught 
0.1s, the force of the blow exerted on the hand of the 


player is 
(a) 4N (b) 40N 
(c) 25N (d) 250 N 


Under the influence of which of the set of three forces 
can remain in equilibrium where quantities in brackets 
represent magnitude of three forces. 

(a) (2,3,7) (b) (3,7,6) 

(c) (4,3,8) (d) (7,9, 17) 


Two forces F and 2F Newton act on a particle. If 
the first is doubled and the second is increased by 


3.34 
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10 N, the direction of resultant remain unchanged 
then F is 
(a) SN 

(c) 10N 


(b) O.SN 
(d) ISN 


In the arrangement shown in the figure neglect the 
masses of pulleys and string. The acceleration of pulley 
P is 


(a) g 
(c) 3g 


In the figure shown m, =m, = 1 kg and M = 2 kg, pulleys 
are massless, strings are light and surface is frictionless. 
If m is observed to move with constant velocity in the 
downward direction, then acceleration of M is (g = 10 
m/s”) 


(a) 5 m/s? 

(b) 10 m/s? 

(c) 20 m/s? 

(d) M will move without acceleration 


In the arrangement show, pulleys are massless, string 
is light and surfaces are smooth. Blocks P and R start 
from rest and move in the directions shown with 
accelerations 6t m/s” and 3 m/s? respectively (¢ is in 
seconds). The velocity of block Q changes direction 
after 


(a) 2s 
(c) Is 


(b) 1.58 
(d) 0.5 s 


A hemisphere of mass | kg and radius 10 cm is resting 
on a smooth surface as shown in figure. A force of 1N 
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is applied to the hemisphere at a height of 8 cm from 
the smooth surface. The acceleration of sphere will be 


IN 
(Vu 
(a) 0.6 m/s? (b) 0.8 m/s? 
(c) 1 m/s? (d) none of these 


A block of mass 1 kg moves against a spring of spring 
constant K = 100 N/m on an inclined plane of angle 
30°. At A the acceleration of block is 4 m/s? and at B it 
is 2 m/s*. The separation AB is 


(a) 10cm 
(c) 4cm 


(b) 3 cm 
(d) 2 cm 


A pendulum is hanging from the ceiling of cage. If 
the cage moves up with constant acceleration a the 
tension in the thread is T,. If it moves down with the 
same acceleration a then the tension is T,. If the cage 
moves horizontally with the same acceleration a, then 
the tension is T in equilibrium w.r.t. cage. Then 27° 
(a) T+ (b) T? -T; 

(c) 277, (d) none of these 


Two blocks whose sum of masses is 1 kg were arranged 
as shown. Acceleration of blocks is twice, when A is 
hanging that of when B is hanging, the mass of A is 
(neglect friction) 


(a) — kg (b) 


N 
ge 


(c) — kg (d) 


ra 
go 


l 
4 
2 
3 


vlr |= 


Three blocks were arranged as shown in figure. A force 
is 12 N is applied to the 1 kg block. Tension T, will be 


12N T, T T / 
OA peru) oe} 


(b) ON 
(d) none of these 


(a) 10N 
(c) 12N 
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CHAPTER 


Work, Energy and Power 


Frame of reference. Motion in a straight line: Position-time graph, speed and velocity. Uniform and non- 
uniform motion, average speed and instantaneous velocity. Uniformly accelerated motion, velocity-time, 


position-time graphs, relations for uniformly accelerated motion. Relative Velocity, Motion in a Plane, 
Projectile Motion, Uniform Circular Motion. 


BRIEF REVIEW 


Work The work is said to be done when a particle is 
displaced by the action of a force. It is a scalar quantity. Unit 
of work is Joule (SI) and CGS unit is erg. Practical unit of 
work (particularly in electric consumption) is kWh. 1 kWh 
= 3.6 x 10° J and 1 J = 10’ ergs. Sometime eV is also used. 
leV=1.6x 10” J. In problems of heat 1 calorie = 4.186 J 


— 


dW = F -ds 
W= F-5 = Fs cos 6 if force is constant throughout. 


W = J F. ds if force is variable 


Work is positive or negative depending on the value 
of 8. For acute angles cos @ is positive and hence, work is 
positive. For obtuse angle cos 0 may be negative making 
work negative. Positive work is parallel to displacement and 
negative work is opposite to displacement. 


Work done in lifting a body up (against gravity) is 
positive and work done by the force of gravity (vertically 
downward motion) is negative. 


No work will be done if the body is in static or dynamic 
equilibrium, i.e., W=0 if È F=0. 


No work will be done if displacement is zero or force 
is perpendicular to the displacement. Thus, work done by 
centripetal force and work done by moving charged particle 


in a magnetic field is zero i.e., F=q Ux B ) will do no work. 
Work done depends upon the frame of reference. If frame 
of reference is changed displacement may vary and hence 
work done could be different in different frame of references. 


In a conservative field work done is path independent 

W=APE=F ds. 

In a force versus displacement curve, work done is 
area under the graph. The algebraic sum of the area is to be 
found out as illustrated in Fig. 4.1. 

(N) 
Fa-4F 


Fig. 4.1 


W= f. PdV Area under Pressure (P) and Volume (V) 


curve is work done. 


W = AKE, i.e., work = change in KE. This is also called 
work energy theorem. 


For positive work KE, > KE... Work energy 


theorem is valid for all types of forces (internal or external; 
conservative or nonconservative). 


1 
In case of a spring W= F kx? where x is extension or 


compression in the spring. 


1 : : . . 
W = — stress x strain x volume in elastic bodies 
2 


[4.2 


Since work is independent of time. We define, time 
rate of doing work is Power. 


Power is a scalar quantity. Its SI unit is Watt (W) or J/s. 
Practical unit of power is HP or bhp (british horse power) 


l bhp = 746 W = 550 ft — Lb/s 
W = ÍP. dt or area under P — t graph. 


Note KE can never be negative while PE can be both 
negative or positive. Potential energy is defined only for 
conservative forces. It does not exist for nonconservative 
forces. 


l 
Elastic PE = > kx? and is taken positive in all cases. 


Electric PE = L12 may be negative or positive. 
4T Er 
_ GMM, | 
Gravitational PE = -————— may be negative or 
r 


positive. 


Mechanical energy = KE + PE is conserved if 
internal forces are conservative and no work is done by 
nonconservative forces. If some of the internal forces are 
nonconservative mechanical energy of the system is not 
conserved. 


Total energy = KE + PE + internal energy. 


Internal energy is directly related to temperature. 
Larger the internal energy, higher is the temperature of the 
body. 


Thermal energy is related to random motion of 
molecules while internal energy is related to motion as well 
as their configuration or arrangement. 


E = mc’ is mass energy relationship. 


Quantization of energy Planck has shown that the 
radiations emitted by a black body are quantized. Quantum 
nature of energy is confirmed in atomic and subatomic world. 
Even light energy is quantized. 


Momentum Momentumor linear momentum p = my. 
Unit kgms* or Ns. p = [MLT ']. 


Linear momentum depends upon the frame of 
reference. For instance linear momentum of a body at rest 
in a moving train is zero with respect to a person sitting in 
the train while it is not zero with respect to ground. 


Momentum is direction dependent. Thus two bodies 
having equal speed but different direction will have different 
momentums. 


(a) po v ifm is constant, i.e., M for particles of equal 
mass, momentum will be maximum for a particle 
having largest velocity. 


(b) px m ifv is same, i.e., M the heaviest particle will 
have maximum momentum if the particles have 
same velocity. 


Work, Energy and Power | 


(c) If p = constant then v « = i.e., for particles 
m 


having same momentum the lightest particle will 


have maximum velocity and hence maximum KE. 
2 


P__KK 
2m 


. P= 2(KE)m 
(d) If p = const. KE œ Es i.e., lightest particle will 
m 
have maximum KE if the particles have equal 
momentum. See Fig. 4.2 (a). 


(e) If KE of some particles is equal then the heaviest 
one will have maximum momentum i.e., p « vin 
See Fig. 4.2 (b). 


(f) Ifm is constant then p œ (KE) . See Fig. 4.2 (c) 


— 


— d 
Since F = A the slope of p — t curve will yield 


force and the area under F — t curve will give the change in 
momentum or impulse 


Note: p =4 for a particle wave and p = £ for photons. 
C 


KE 
p = constant 
m 
(a) 
p KE 
m = constant 
KE = constant 
m p 
(b) (c) 
Fig. 4.2 


Law of Conservation of Momentum 


If t= 0 then P; = constant, i.e., linear momentum of 
various particles may change but their vector sum remains 
unchanged. 


Law of conservation of momentum is independent of 
frame of reference though momentum depends on the frame 
of reference. 


Work, Energy and Power 


Law of conservation of momentum is equivalent to 


= d 
Newton’s third law of motion. p + p, = const. or A + 


p t 
d 
=(QorF,+F,=0or F,=— F,, ie., for every action 


there is an equal and opposite reaction. 


Law of conservation of momentum is universal, i.e., 
it can be applied to microscopic as well as macroscopic 
particles. It holds good even in atomic and nuclear physics 
where classical physics fails. 


Collision or Impact It is an isolated event in which a 
strong force acts for a short interval. The motion of colliding 
particles (at least one of them must) change abruptly. During 
collision particles may or may not come in physical contact. 
For examples, in collision between two balls, balls come in 
physical contact but in collision of charged particles like a— 
particle scattering there is no physical contact. 


In collision, we consider the situation just before and 
just after impact. The duration of collision is negligibly small 
as compared to the time for which event is observed. During 
collision internal forces act on the colliding particles. 


If the motion of the colliding particles before and after 
impact remains in the same straight line, the collision is said 
to be direct or head on or one-dimensional collision. 


Note: In One-dimensional collision, velocity of COM of the 
colliding particles is in the same straight line. 


If the two particles after collision donot maintain the 
same line of motion, the collision is said to be oblique. If in an 
oblique collision particles before and after collision remain in 
the same plane then collision is said to be two-dimensional, 
otherwise, it is three-dimensional. 


Effect of external forces like friction, gravity is not 
considered in collision as duration of collision is very small. 
Average impulsive force responsible for collision is much 
greater than the external force acting on the system. 


If charge on the interacting particles remains unchanged 
during collision, the process is termed as scattering. If the 
charge changes then reaction is the name given to such a 
process. However, total charge remains conserved. 


The impulsive force acting during collision, is internal 
and hence, the total momentum of the system remains 
conserved. 


If in a collision, KE before and after collision are equal 
collision is said to be elastic. Collision between atomic and 
subatomic particles may be elastic. 


If in a collision, colliding particle stick together or 
move with a common velocity after collision then such 
a collision is perfectly inelastic. For example, a bullet 
embedded in a wooden block after collision. 


Most of the collision in our world (macroscopic) are 
imperfect or partially inelastic. For such collision we define 
coefficient of restitution (e). 

Velocity of Separation %7Y, 


Velocity of approach — u-u, 


4.3 


Note: e = 0 means collision is perfectly inelastic and for 
e = |, collision is perfectly elastic and for 0 < e < 1 collision 
is partially inelastic. 


One-dimensional collision (Elastic) u, > u, 


a ; just before collision 


[ N à 
\ / just after collision 


(b) 
Fig. 4.3 
Conserving momentum and KE, we can write 
m —m, 2m, 
1 (m +m, m +m, ? 
m =m, 2m, 
v= + + l 
C7 h u Ty 


Note: 


1. If m, =m, vo, =u, and v, = u, ie., M velocities after 
collision interchange. 

2. If target particle is at rest, i.e., u, = 0 and m, = m,, v, = 
0, v, = u, 

3. If target is massive m, >> m, and is at rest v, = u, and 
v, =0 

4. It projectile is massive v, =u, and v, = 2u, — u,. If target 
is at rest then v, = 2u.. 

Partially Inelastic Collision To solve problem, conserve 


momentum 
V, ZV, 
m u, +m, u,=m vp + m, v, and exploit e = M, — u, 
Remember in oblique collision coefficient of restitution 
e be employed only along common normal. 


Perfectly inelastic collision 


Fai ` 
ee N u j l u, 
1 m 1 —p a m 2 
4 I i 


S C 
C 
just before collision 
m, | m, ae 


(b) 


just after collision 


Fig. 4.4 
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Oblique Collision Assuming two dimensional collision 
conserve momentum in x and y direction separately. If 
collision is elastic KE is also conserved. Remember KE is 
scalar. 


Therefore, do not take its components along x and y 
direction. If two particles have equal mass and collision is 
oblique elastic then equal masses fly off at right angle to 
one another. 


Motion of Two Masses Connected by a Spring 


Assume spring is massless. The spring is compressed or 
stretched by x, so that m, is displaced by x, and m, by x, 
then F =0 


ext 

Pı + p, =0 or p,= p, 
KE, m, 

‘KE, m, 


faster or has more KE 


— 


P, , i.e., lighter block moves 


Pı 


or COM is at rest. Therefore 
m x +mx,= 0 and 


X=X, tX, 


Fig. 4.5 


Note: KE of blocks is not constant. 


Short Cuts and Points to Note 


1. Work done W= F. 5 = Escos @ if force F is 
constant 


W =IF. ds if force is variable 
W = AKE (work energy theorem) 


W = APE (for conservative forces) 


W= > kx? in a spring 


l l 
W= = stress x strain x volume 
(in elastic bodies) 

F.x l ! l 
W= a where xis extension produced in a spring 


or elastic bodies. 
W = |P dV where P is pressure and V is volume. 


W = ÍP. dt where P represents power 


P= F.v if Fis constant 


P=JF.dV if F is variable or v is variable. 


16. 


Work, Energy and Power | 


. Potential energy exists only for conservative 


forces. Nonconservative forces do not show 
PE. If a particle moves in a circle then binding 


energy = KE + PE = : PE = -KE. In a bound 


system like this PE is negative. 


. In conservative forces work done is independent 


of path followed. It depends only on the initial and 
final position. Total work done in a round trip is 
Zero. 


. PE= : kx (in a spring and is only positive) 


-GM M, . a 
PE = ———— (in gravitational fields). It may 
r 


be positive or negative 
PE = mgh if his small 


PE = (in electric fields). It may be 


47 Er 


positive or negative. 


. If a body is in static or dynamic equilibrium then 


W= 0. 


. If a force is always perpendicular to velocity then 


work done by this force is zero. 


. Mechanical energy = KE + PE is conserved if 


internal forces are conservative and do no work. 


. KE + PE is not conserved if nonconservative 


forces are present. 
2 


-KE = > where p is momentum of the body. 
m 


. Ifa lighter and a heavier body have equal KE then 


heavier body has more momentum. 


. If a lighter and heavier body have equal 


momentum then lighter body has more KE. 


. Area under Power time graph gives work. 


. AU = change in PE = JF. dr for conservative 


forces. 


U 
. If —— = 0, body is said to be in equilibrium. 


dr 
Equilibrium is stable if U is minimum; unstable 


if U is maximum and neutral if U = constant. 


l 
If — th part of the chain hangs then the work done 
n 


mgl 
to pull up the hanging chain is r . [See Figure] 
n 
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If maximum displacement in a spring is to be found 


1 
use W = > kx’ if steady state displacement in a 


spring is to be found use F = —kx. 
1 1 
For a Rolling body KE = J my? + z la’. 


Equation of dynamics of a body with variable mass 


mdv dm . ; 
F = —— + — vif reference frame is at rest 
dt dt 
mdv vdm udm ref f 
= — + —_ - — 
J J J if reference frame is 
moving with a velocity u. 
Change in total energy AE = Wa + W.., 


(nonconservative). 


Linear momentum is conserved whenever F a 0. 
If force is mutual and a two-body system is 
considered then F = 0 and momentum may be 
conserved. Note in such cases COM does not 
move. .. Vooy = 0; AXcom = 0 


Elastic collision occur in atomic or subatomic 
particles. In real world, collisions are inelastic. 
Only collision between two ping-pong balls may 
be considered nearly elastic. 


Impulse = F.dt =dp. Since during collision contact 
time is extremely small, we, therefore, assume that 
no external force or impulse has been imparted to 
the body. 


Relativistic momentum p = mp 
Pa 
f 2 
C 
p= z (de-Broglie relation) used for matter waves 


and p= = for photons. 
c 


In one dimensional elastic collision, coefficient of 
restitution = 1 


where u, and u, are velocities just before collision 
and v, and v, are velocities just after collision. 


If m, = m, velocities after collision interchange, 
i.e., 0, =u, and v, = u, 

If m, = 0 and u, = 0 then v, = — u, ie., M particle 
is just reflected back. 


If collision is oblique (two dimensional) conserve 
momentum in x and y direction separately. If 
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collision is elastic also then conserve KE also but 
do not take its components as KE is scalar. 


If two equal masses collide obliquely and collision 
is elastic they will fly off at right angle to one 
another. 


Collision is one dimensional or head on or direct if 
COM of the colliding particles move in the same 
straight line. See Figure 


In Figure the collision is one dimensional 


In partially inelastic collision 0 < e < 1, apply 
conservation of momentum 
mu +m,u,=m,pv, +mp, 

V, —U, 


and e = 
u =u, 

In perfectly inelastic collision the colliding 

particles combine to move with a common velocity 


B mv, +mM,D, mm, 


Im +m,) it? 


-Lossin KE= 
m +m, 
Radioactivity is also considered to be a collision 
process. Therefore, momentum is conserved before 
and after emission. m dm 
. : & 
In Rocket propulsion, acceleration a = aa -g 
dm 
where M = M,- T t. Upward force or upthurst 
t 


dm 
Net) = Ma =v — -M 
ON SMR n g 
only upthrust = v an am 
e dt dt 
fuel. 


Velocity at any instant 


is rate of burning of 


v = v +0, log, 7 dm, 
° dt 


where v is velocity at t = 0. 


If a radioactive nucleus decays by y—emission 
and energy of y-rays is E, then momentum of y-rays 


[4.6 
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P= Z where c is speed of light. Velocity of recoil 


of the nucleus = . The KE of recoiling 


x m 


nucleus 
2 


p E? 


F 2 
M iucleus 2c m 


nucleus = 


nucleus 


If a radioactive nucleus of mass number A decays 
by a—emission then conservation of momentum is 
as follows 


0 =v, (A-4) +9, (4) 


where v, and v, are velocities of recoiling nucleus 
and a-particle respectively. 

Area under F-t graph is impulse or change in 
momentum. 


If a particle strikes a wall and gets reflected then 
average force exerted by the wall is 


change in momentum 
= time of contact. 


If two point masses strike the rod as shown in the 
figure and after collision stick with the rod. In 
such case conserve linear momentum and angular 
momentum separately. Find angular velocity, find 
new COM about which the rod will rotate. 


m, 

u, 
e A 
m, 

Caution 


L; 


>> 


Applying W = F. s even if force is variable. 


When force is variable use W = [F . ds or W = AKE 
or W = PE as it suits. 


. To find work done even when the force is 


perpendicular to velocity. 


No work will be done when force is perpendicular 
to velocity. For example, no work is done by 
centripetal force in a circular motion. No work is 


done by the magnetic force F =q (Üx B)as F 


and V are perpendicular. 


. Assuming when a body strikes another body 


connected to a spring, as shown in the figure, it 
imparts its complete KE to the spring. 


10. 


. Assuming even a rolling body has KE = - mv”, 
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If a body would have not been connected to the 
spring only then complete KE of the body would 
have been converted to PE stored in the spring. 
But if a body is connected then first conserve 
momentum. The KE of system after collision will 
be equal to PE stored in the spring. 


. To find maximum displacement in a spring 


applying the force equation i.e., F = —kx. 


F = -kx will provide steady state displacement. 
Maximum displacement is obtained when we 
equate energy i.e., 


oat 
2 


. Considering work done in a spring is always 


La 

2 

If the force moves the block slowly and steadily 
then W= = kx but if the movement of the block 
is very fast (or a force applied for a very short 


interval called sudden force/impulse) then work 
done by force F is F. x 


. Conserve energy even when nonconservative force/s 


are present. 


If nonconservative forces perform work then 
energy is not conserved. 


2 


Rolling body possesses both linear KE and 
rotational KE. Total KE is sum of the two 


KE,,,, = = mv? + : Tw?. 


. Assuming gravitational PE is only mgh. 


The gravitational PE is mgh when distance from 
earth is not very large. If the distance is large 


GMm 
R+h` 


employ PE = — 


If the attraction between two bodies is involved 
—Gm,m 
then PE =—! . 
r 


. In a system of mutual forces considering only KE 


due to one particle is equal to APE. 


Consider KE due to both the particles. 


When a vehicle is moving up an incline and the 
efficiency of an engine is given then applying 
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efficiency in a wrong manner. For example, a 
truck of mass 20 ton is moving up an incline of 
1 : 10 with velocity 10 ms". The friction is 
500 N per ton. Efficiency is 80%. Find power. 
Then using 


P „= 0.8 (mg sin 0 + F) V. 
=> Apply P = (mg sin 0+ F) y 
and P x (0.8) = P r 


engine 


Py,  (mgsinO+F,)v 
CC P SS 
engine 00.8 0.8 
11. Assuming conservation of momentum can be 
applied only in collisions. 


= Conservation of linear momentum can be applied 
whenever F =0 


12. Assuming in rotational motion linear momentum 


may not be conserved. 


= Ifa block moving with a velocity v collides with 
a disc then linear momentum is conserved as no 
external force acts. See Figure. 


13. Considering conservation of momentum can not 


be applied if Fis present. 


= In general law is true. But if force is mutual, 
and two body system is considered then F „= 0 
and we can apply conservation of momentum. 
(see Figure) 


If, however, single body system is considered, then 
force is external and conservation of momentum 
cannot be applied. 


14. Considering that linear momentum is always 
conserved if collision occurs. 


=> If a body strikes a hinged (target) rod, we have 
to conserve angular momentum instead of linear 
momentum. See Figure 


a7] 


rod 


15. Not using proper sign while conserving momentum. 


= Mustapply proper sign. For example, if a projectile 
breaks up into two halves at the highest point. One 


m 
of them retraces the path then, mv cos 0 = — 7? 


m ,. 
cos 0 + z” i.e. M momentum before breakup = 


momentum after breakup. See Figure 


vcos@ 


m 
2 


16. Not taking into account acceleration due to 
gravity while finding net acceleration in a rocket 
propulsion. 


D e 
sdi dm 
-g where M=M,- t 
M 8 VOe oH 


=> usea = 
net 


M 
and u = u, + v, log, va — gt where u, is the 
velocity at t=0 


17. Assuming coefficient of restitution be applied in 
both the directions in oblique (two dimensional) 
collision. 


=> Coefficient of restitution is applied along the 
common normal. For example, if motion is under 
gravity then along y — direction only. 


18. Assuming when particles are moving in the 
same direction and collide, collision is one 
dimensional. 


= If the COM of the colliding particles are not in 
the same straight line as shown in the figure, 
the collision is two dimensional or oblique 
as after collision particles move in different 
directions. 


19. Assuming if equal masses collide then their 
velocities are interchanged. 


[4.8 


= 


20. 


2l. 


1. 


It is true only in one dimensional elastic collision. 
If collision is inelastic or two dimensional then it 
is not feasible. In oblique elastic collision, equal 
masses fly off at right angles to each other. 


Resolving KE to x and y components in oblique 
collision. 


KE is a scalar quantity and hence cannot be 
resolved. 


Considering only linear momentum is conserved 
and not angular momentum during collision. 


PRACTICE EXERICSE 1 
(SOLVED) 


A particle moves under the effect of a force F = cx, 
from x = Q to x = x. The work done in the process is 


(a) A (b) zo 
(c) -—cx (d) zero 


An engine develops 10 kW of power. How much time 
will take to lift a mass of 200 kg to a height of 40 m? 
(given: g = 10 ms”) 

(a) 4s (b) 5s 

(c) 8s (d) 10s 

The relationship between force and position is shown in 


figure (in one dimensional case). The work done by the 
force in displacing a body from x = 1cm to x= 5 cm is 


Force 
(in dyne) 


(a) 20 ergs 
(c) 70 ergs 


A particle is acted upon by a force F = kx, (k > 0) where 
x is displacement of particle. If potential energy at origin 
is zero then the potential energy of the particle varies 
with x as 


(b) 60 ergs 
(d) 700 ergs 


U 

(a) a 
U 

(c) No 


22. 


U 
(b) x 
9. 
U 
(d) w 
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If a body rotates as a result of collision then both 
linear and angular momentum are conserved. In 
Select cases where the target is hinged only angular 
momentum is conserved. 

Conserving momentum in a spaceship moving 
around the earth for a planet if its mass is 
varied. 


Since orbital velocity is independent of mass of 
spaceship, therefore, do not apply conservation of 
momentum even if the mass is varied. 


5. The displacement $ of a body of mass 2 kg varies 


with time ¢ as S = f* + 2t, where S is in meters and 
t is in seconds. The work done by all the forces 
acting on the body during the time interval t = 2 s to 
t=4sis 
(a) 36J 
(c) 100 J 


(b) 64 J 
(d) 120J 


An object of mass 10 kg falls from rest through a 
vertical distance of 10 m and acquires a velocity of 
10 m/s. The work done by the push of air on the object 
is (g = 10 m/s’) 

(a) 500 J (b) -500 J 

(c) 250J (d) -250 J 


A car of mass m is accelerated on a plane road under 
the influence of a force in such a way that its velocity 
becomes v, from v, in a distance s. If a constant power 
P is generated by the car engine then the velocity v, 
will be 


Ps N 
a) | — +v 
@ (Zev) 
(32 J 
+y; 
m 


A mass M is lowered with the help of a string by a 
distance x at a constant acceleration g/2. The work 
down by the string will be 


M 
(a) Mgx (b) =- 
(c) = Mgx° (d) Mex? 


A particle is acted upon by a conservative force 


F = (77 -6])N. The work done by the force when 
the particle moves from origin (0, 0) to the position 
(—3m, 4m) is given by 
(a) 3J 

(c) -45 J 


(b) 10 J 
(d) none of these 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


A body of mass m is moving in a circle of radius r with 


2 
. my 
a constant speed v. The force on the body is —— and 
r 


is directed towards the center. The work done by this 
force in moving the body over half the circumference 


of the circle is 
2 


(a) a xr (b) zero 
mv" mr? 
cy = (a) = 
r my 


A bullet when fired at a target with a velocity of 
100 m/s penetrates one metre into it. If the bullet is 
fired at a similar target with a thickens 0.5 metre, then 
it will emerge from it with a velocity of 


(a) 504/2 m/s (b) = m/s 
(c) 50 m/s (d) 10 m/s 


An inelastic ball is dropped from a height of 100 m. 
Due to earth 20% of its energy is lost. To what height 
will the ball rise? 
(a) 80m 
(c) 60m 


A long spring is stretched by 2 cm, its potential energy 
is U. If the spring is stretched by 10 cm, the potential 
energy stored in it will be 
(a) U/25 

(c) 5U 


(b) 40m 
(d) 20m 


(b) U/5 
(d) 25U 


Power supplied to a particle of mass 2 kg varies with 
2 

. í . . . 

time as p= > watt Here tf is in second velocity of 


particle at t = 0 is v = 0. The velocity of particle at time 
t = 2s will be 
(a) 1 m/s 
(c) 2 m/s 


(b)=4 m/s 
(d) 22 m/s 


A particle of mass mat restis acted upon by a force 
P for a time ż. Its kinetic energy after an interval t is 


(a) (by) Z 
2m 

iG; == (ay + 
3m 2m 


The relation between the displacement x and the time 
t of a particle moving under a constant force is 
f= Jx +3, where x is in meter and ¢ in second. Then 
the work done by the force in first 6s 1s 

(a) zero (b) 6J 

(c) 12J (d) 18J 


A body moves a distance of 10 m along a straight line 
under the action of a force of 5 N. If the work done is 
25 J, the angle which the force makes with the direction 
of motion of the body is 
(a) 0° 

(c) 60° 


(b) 30° 
(d) 90° 


18. 


19. 


20. 


21. 


22. 


s] 


When a body of mass M slides down an inclined plane 
of angle q, through a distance s, the work done against 
friction is 

(a) (m Mg cos q)s 

(b) (m Mg sinq)s 

(c) Mg (m cos q - sin q) s 

(d) (q Mg) s 


A ball of mass 2 kg is thrown at an angle of 45° from 
the ground with an initial speed of 10m/s. Work done 
by the force of gravity when it is at its highest point is 
(g = 10 m/s’) 
(a) +25J 
(c) —50 J 


(b) +50 J 
(d) —25 J 


In the figure, the ball A is released from rest when the 
spring is at its natural (unstretched) length. For the 
block B of mass M to leave contact with the ground at 
some stage, the minimum mass of A must be 


(a) 2M 
(b) M 
M 
C — 
(c) 7 
(d) a function of M and the force constant of the spring 


A force-time graph for the motion of a body is shown 
in figure. Change in linear momentum between 0 and 
8 s is 


Force (N) 


(b) 4N-s 
(d) none of these 


(a) zero 
(c) 8 N-s 


A body of mass M moves in outer space with velocity 
V. It is desired to break the body into two parts so that 
the mass of one part is one-tenth of the total mass. After 
the explosion, the heavier part comes to rest while the 
lighter part continues to move in the original direction 
of motion. The velocity of the small part will be 


4.10 

V 

(a) V b) > 
2 

V 
c) — d) 10 V 
(c) 10 (d) 
23. A particle of mass m moving eastward with a speed v 


24. 


25. 


26. 


21. 


28. 


29. 


collides with another particle of same mass moving 
northward with same speed v. The two particles 
coalesce on collision. The new particle of mass 2m will 
move in the north-east direction with a velocity of 


(a) wi (b) F 
(c) (d) v 


A metal ball of mass 2 kg moving with speed of 36 km/h 
has a head-on collision with a stationary ball of mass 
3 kg. If after collision, both the balls move together, 


then the loss in kinetic energy due to collision is 
(a) 40J (b) 60J 
(c) 100J (d) 140J 


A bomb at rest explodes into 3 parts of the same mass. 
The momentum of the 2 parts are —2 pi and pj. The 
momentum of the third part will have a magnitude of 
(a) p (b) V3p 
(c) J5 p (d) zero 


Ball 1 collides with an another identical ball 2 at rest 
as shown in figure. For what value of coefficient of 
restitution e, the velocity of second ball becomes. two 
times that of 1 after collision? 


Mh Vln, Uta 
(a) 1/3 (b) 1/2 
(c) 1/4 (d) 1/6 


A ball strikes a horizontal floor at an angle q = 45°. 
The coefficient of restitution between the ball and the 


1 ; a ee 
floor is e= a The fraction of its kinetic energy lost 
in collision is 


(a) 5/8 
(c) 3/4 


(b) 3/8 
(d) 1/4 


A particle of mass 1 kg is projected at an angle of 30° 
with horizontal with velocity v = 40 m/s. The change in 
linear momentum of the particle after time ¢ = 1s will 
be (g = 10 m/s?) 
(a) 7.5 kg-m/s 
(c) 10 kg-m/s 


(b) 15 kg-m/s 
(d) 20 kg-m/s 


A ball is dropped from a height of 1 m. If coefficient 
of restitution between surface and ball is 0.6, the ball 
rebounds to a height of 
(a) 0.6 m 

(c) 1m 


(b) 0.4 m 
(d) 0.36 m 


30. 


31. 


32. 


33. 


34. 


35. 


36. 
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A smooth sphere is moving on a horizontal surface 
with velocity vector 2f +27 immediately before it hits 


a vertical wall. The wall is parallel to j vector and the 
coefficient of restitution between the sphere and the 


1 
wall is e = i The velocity vector of the sphere after 


it hits the wall is 


(a) i-j (b) -1+2j 


(d) i-j 


A bomb at rest explodes into 3 parts of the same mass. 
The momentum of the 2 parts are —2 pi and pj . The 
momentum of the third part will have a magnitude of 
(a) p (b) 3p 
(c) V5 p (d) zero 


A rocket of mass 120 kg is fired in the gravity free 
space. It ejects gases with velocity 600 ms" relative 
to rocket at the rate of 1 kg/s. What will be the initial 
acceleration of the rocket? 
(a) 1 ms” 

(c) 10 ms? 


© $-3 


(b) 5 ms? 
(d) 15 ms? 


A body of mass 2 kg moving with a velocity of 3 m/s 
collides head on with a body of mass 1 kg moving 
with a velocity of 4 m/s in opposite direction. After 
the collision two bodies stick together and move with 
a velocity of 
(a) 1/4 m/s 
(c) 2/3 m/s 


(b) 1/3 m/s 
(d) 3/4 m/s 


A bullet of mass m is fired from below into a bob of 
mass M of a long simple pendulum. The bullet stays 
inside the bob and the bob rises to a height h. The initial 
speed of the bullet will be 


om) Ota 
o (Fite) © eal 


Two particles of masses m, and m, in projectile motion 
have velocity v, and v, respectively at time, t = 0. They 


collide at time ¢,. Their velocities become y,' and v,' 
at time 2 Ls while still moving in air. The value of 
(m, ¥,'+ m,v,')—(m,¥,+m,v, ) is 


(a) zero (b) (m, + m,)g to 


(c) 2(m +m,)g ty (d) s(m,+m,). ty 

A light rod of length L can revolve in a vertical circle 
around point O. The rod carries two equal masses of 
mass m each such that one mass is connected at the end 
of the rod and the second mass is fixed at the middle 
of the rod. u is the velocity imparted to the end P to 
deflect the rod to the horizontal position. Again mass 
m in the middle of the rod is removed and mass at end 
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37. 


38. 


39. 


P is doubled. Now v is the velocity imparted to end P 
to deflect it to the horizontal position. Then v/u is 


(a) (6/5)? 


(b) 1 


1 
(c) 2.5 (d) (5/6)? 
A cart is moving along x direction with a velocity of 
4 ms™. A person on the cart throws a stone with a 
velocity of 6 ms™ relative to himself. In the frame of 
reference of the cart the stone is thrown in y -— z plane 
making an angle of 30° with vertical z axis. At the 
highest point of its trajectory the stone hits an object 
of equal mass hung vertically from branch of a tree by 
means of a string of length L. The stone gets embedded 
in the object. The speed of combined mass immediately 
after the embedding with reference to an observer on the 
ground is 
(a) 2.5 ms"! 
(c) 5.2 ms"! 


(b) 1.5 ms"! 
(d) 3.5 ms"! 
(IIT 1997) 


A particle free to move along x axis has potential energy 
given as U „= k (1 -— exp (~x°)] for—a <x <+ œ where 
kis a positive constant of appropriate dimensions. Then 
(a) at points away from the origin, the particle is in 
unstable equilibrium. 
for any finite non-zero value of x, there is a force 
directed away from the origin. 
(c) if its total mechanical energy is k/2, it has its 
minimum kinetic energy at the origin. 
if its total mechanical energy is k/2, it has its 
maximum value at origin. 

(Based on IIT 1999) 


(b) 


(d) 


A particle which is constrained to move along the x-axis, 
is subjected to a force in the same direction which varies 
with the distance x of the particle from the origin as 
F (x) =—kx + ax’. Here k and a are positive constants. 
For x = 0, the functional form of the potential energy 
U(x) of the particle is 


U(x) U(x) 


(a) (b) 


40. 


41. 


42. 


4.11 
U(x) 
T X 
(d) 
(IIT Screening 2002) 


A particle of mass m is moving in a circular path of 
constant radius r such that is centripetal acceleration a, 
is varying with time tas a_ = k*rt, where k is a constant. 
The power delivered to the particle by force acting on 
it is 


(a) 2r mkr (b) mkrt 
42.5 
(c) a (d) zero 


(IIT 1994) 


A rocket having fuels its bulk is initially at rest. 
Neglecting the effect of gravity, when fuel is burning at 
a constant rate, acceleration a of the rocket with respect 
to time ¢ is best represented by one of the graphs given 
below. 


1 — t —> 
(a) (b) 
# a 
Loo 
t —> t — 
(c) (d) 


Two girls of equal mass m jump off from the border 
line of a stationery carriage of mass M with same 
horizontal velocity u relative to the carriage. Neglecting 
the effect of friction. 


(a) they will impart greater velocity to the carriage by 
jumping of simultaneously. 
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43. 


44. 


45. 


46. 


(b) they will impart greater velocity to the carriage by 
jumping one after the other. 

(c) they will impart greater velocity to the carriage in 
whatever manner they jump off. 

(d) insufficient data to reply. 


In the shown system friction is meaningless. The 
carriage of mass M has constant initial velocity u along 
a straight horizontal track when at t= 0, it starts raining. 
The rain drops have a vertical velocity u’ and result 
into addition of mass m per second to the carriage. The 
velocity of carraige after T second of start of rain is 


(a) Mu (b) Mu + mu' 
M +mt M +mt 
(c) (u uM +m) (d) Mutu) 


A boy of mass m kg boards a trolley of mass 2m 
moving with constant speed u along a horizontal track. 
Neglecting friction, if the boy jumps vertically up with 
reference to the trolley to catch hold of a branch of 
a tree, the speed of trolley after the boy has jumped 
off is 


(a) u (b) 2u 
u 3u 
(c) 7 (d) 4 


Two similar bogies A and B of same mass M (empty 
bogie) move with constant velocities v, and v, towards 
each other on smooth parallel tracks. At an instant a 
boy of mass m from bogie A and a boy of same mass 
from bogie B exchange their positioin by jumping in 
a direction normal to the track, then bogie A stops 
while B keeps moving in the same direction with new 
velocity v,. The initial velocities of bogie A and B are 
given by 


(a) M-m 


m £ M VB 
mD Mov 
O aa ao aa 
(M-m) (M -m) 
MD, Mov, 


(c) Mtm’ (Mim) 


(d) (M —m)v, i” —m)vz 
m M 


A bomb of mass m is moving in x direction with 


velocity u when it separates into masses : m and m 


47. 


48. 


49. 
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moving horizontally in the same plane. If an additional 
energy of 4mu? is generated, the relative speed of two 
masses is 
(a) 3u 
(c) 6u 


(b) 4u 
(d) 8u 


A rope ladder of length L is attached to a balloon 
of mass M. As the man of mass m climbs the ladder 
into the balloon basket the balloon comes downs by a 
vertical distance s. Then, increase in potential energy 
of man divided by increase in potential energy of 
balloon is 


> 


(a) £5 b) 4 
Ss S 
© -= (d) L-s 


A 0.5 kg block slides from A on horizontal track with an 
initial speed of 3 ms~! towards a weightless horizontal 
spring of length 1m and force constant 2 Nm™. The 
part AB of the track is frictionless and the part BC has 
the coefficient of static and kinetic friction as 0.22 
and 0.20 respectively. If the distance AB and BD 
are 2 m and 2.14 m respectively, the total distance 
through which the block moves before it comes to rest 
completely is 


A B D C 
(a) 2.5m (b) 4.42 m 
(c) 4.24 m (d) 2.44 m 


(Based on IIT 1983) 


A shell is fired from a cannon with a velocity V (m/s) at 
an angle @ with the horizontal direction. At the highest 
point in its path it explodes into two pieces of equal 
mass. One of the pieces retraces its path to the cannon 
and the speed (in m/s) of the other piece immediately 
after the explosion is 
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(a) 3V cos 0 (b) 2V cos 0 the balls move in directions making an angle of 30° 
3 V3 with the initial direction. After the collision their speed 
(c) ~ cos 0 (d) oe cos 0 aibe 
l l l l (a) 0.52 ms“ (b) 2.6 ms"! 
50. A ball moving with velocity of 9 ms™ collides with (c) 5.2 ms” (d) 52 ms”! 


another similar stationary ball. After the collision both 


Answers to Practice Exercise 1 


1. (b) 2. (o) 3. (a) 4. (a) 5. (b) 6. (b) 7. (d) 
8. (b) 9. (o) 10. (b) 11. (a) 12. (a) 13. (d) 14. (c) 
15. (b) 16. (a) 17. (c) 18 (a) 19 (c) 20. (c) 21. (a) 
22, (d) 23. (b) 24. (b) 25. (o) 26. (a) 27. (b) 28. (c) 
29. (d) 30. (b) 31. (c) 32. (b) 33. (0) 34. (d) 35. (b) 
36. (d) 37. (a) 38. (d) 39. (d) 40. (b) 41. (a) 42. (b) 
43. (a) 44. (a) 45. (b) 46. (c) 47. (a) 48. (c) 49. (a) 
50. (c) 
EXPLANATIONS 
f 7 1, 8. (b) Mg-T=Me/2 
1 (b)We | cxdx= cx 
a 2 pa Me 
mgh 2 
2. (c) Let t be the time taken to lift the mass P=Z82 Mex 
t W =T.x=-—— 
200x10x40 
1oxio? = BS 9. (c) F=-3i +4], w= FF =-21-24=-45] 
3. (a) Work done = (10 + 20 + 10) — 20 = 20 ergs 10. (b) Work done = FS cos 
4. eee >U =p? Here 0 = 90° 
dx 2 
Work done = 0 
5. (b) MEOE, 
dt 11. (a) In the first case: 
From work energy theorem W,, = AKE Zm (1007 B >m (0) pee M 
1 
=K,-K,= 5m; = v?) In the second case: 
1 2 1 " 
= =x 2[ (2x44 2) -(2x2+2} ]=641 z" (100) — mv" = F x0.5 + (i) 


6. (b) By work energy theorem, Dividing equation (ii) by (i) 


(100) -v? 05 1 


+ x10(10®-0) =10x10x10+W,,. W,, = -500J We cet _05 1 
(100% 1 2 
dv 
7. (d) We know that, p=Fv=m( 2); y= = S0v2 mis 
vdvy=—v dt => ds, f" y’ pe i ds g0 
m m “i m“? 12. (a) mgh = zzz ("8 )(100) 
, i 
=] P , 5 3Ps E ji h=80m 
—| =—S,Vv,-Vv, =—.,v, =| —t+y, 
a m m 13. (d) U «x? 
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14. 


15. 


16. 


17. 
18. 


19. 


20. 


21. 


22; 


23. 


24. 


25. 


26. 


(c) From work energy theorem AK.E.= W 


1 4 (3. 
or K,-K,=[ P dt or a -f3 Ja 


(m = 2 kg) 


3 2 
2 0 


P 
(b) Velocity at any time t = —t 
m 


or v=2 m/s 


P? P’?? 
Kinetic energy at time t is zyme = 
m 


2m 


(a)Att=0,x=9m,att=6sx=9m. 
Displacement in first 6s = 0 

W =F (Ax)=0 

(c)5 x 10x cos 0 = 25, cos 0=— => 0 = 60° 
(a) Work done = uMg cos 0. s 

u’ sin? 8 9 


(c) Maximum height = 22 


m 
Work done by gravity = —2 x10 x2 = —50 Joules 


(c) Let the mass of A = m 


1 
By work energy theorem 0 — 0 = +mgx -5 ‘ 


kx = Mg, ~. m=— 


(a) Change is momentum = area of F — t graph = 0 


(d) MV SLM os ay 
10 10 


V!=10V 


(b) By momentum conservation, mv = 2mv’ cos (45°) 


1 1/6 2 
(b) Loss in kinetic energy = > MWe E ($) (10) 
=60J 
(c) Let momentum of third particle is P = Pi + Pj 


P — 2P = 0 and P, + P = 0 [From conservation of 
momentum] 


P =2P;P =-P 


IPI=P = Pi+Pj=V5P 
1+ 1+ 
(a) After collision v, = (He) and v, = Cue 


Here u = initial speed of ball 1, v, = 2v, , when e = 


27. 


28. 


29; 


30. 


3N 


32. 


33. 


34. 
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(b) Let u be the velocity of ball before collision. Speed 
of ball after collision will become. 


ris) Cais) tee 


Fraction of K.E. lost in collision 


(c) Change in linear momentum AP = F At 
Here F is weight i.e., mg 


IAP |(mg)(At) = (1)(10)(1)=10 kg-m/s 
(d) Velocity after collision =(0.6),/2g (1) 


Let the ball rises upto.h' then {(0.6) 2g (} =2¢h' 
> h'=0.36 m 


(b) Using Newton’s experimental law, the x component 
of velocity will become D ) = —í after collision. 
So velocity vector of the sphere after it hits the wall 
Sai 42] 

(c) Let momentum of third particle is P= Pi + Pj 


P —2P=0 and P + P = 0 [From conservation of 
momentum] . 


P_=2P;P =-P 
IPl=./(2P)?+P? =J5P 
dm 
(b) Thus =, = 600 x 1=600N 
Acceleration = = 5 m/s” 
120 


(c) Applying the law of conservation of momentum, 
we have 


mV, +m,v, = (m, + m,)v 
2x3-1x4=(2+1)v 
v=2/3 m/s 
(d) Let the common velocity of bullet and bob be 


v after the bullet is embedded. Applying the law of 


conservation of momentum, we have (M +m)v = mu 
(u = initial speed of bullet) 


í ) 
y= 
M+m 


After this, the motion of bob is controlled by gravity 


v’ =2gh 
eh) -( Ju Gen) CA] 


m 
Mim 
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35. (b) Change in momentum 
=| F „dt = (m, + m,)g (21, ) 
36. Using conservation of energy 


2 
In first case, mu’ + : m S| 
2 2 2 


= mgL + mg = 


In second case 


. (2) v? = 2 mgL v= (2gL)'” 


—_— rr 11m 


v [2g L5 
613 
or v= H 
37. (a)V_ =4i . (i) 
Vaan = (6 sin 30) J + (6 cos 30) k ... (ii) 
= (3 j +3 Bk) 


Then V = (ii) + (i) = (47 +3 J + 33k) 
Velocity of stone at highest point 


V =4f +3] 


stone + height 


[At highest point vertical component (i.e.,;.z component) 
is zero | 


or speed of stone at highest point 


V=J4? +3? = f16+9 =5 ms" 


Using conservation of momentum 


mV = 2MV ombined 
O 7 aLe 22.5 ms" 
combine 2 2 


38. (d)The graph of U (x) with x is as shown in the figure. 
Potential energy is zero at x = 0 and maximum at 


As mechanical energy has fixed value i.e., M k/2, 
the kinetic energy has to be maximum at x = 0 and 
maximum at x= +a. 
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39. (d) Using F =-— z we get 
x 


2 4 
-œ _ ® Je 

2 4 

U=0 forx=0 


2k 1/2 
and x = (=) 
a 


which is satisfied by graph (d). 
40. (b)a_ = k’ rt? 


2 


ov 
iie. — = k re orv = krt 
r 


Also a B = kr 
' dt 


F = ma, = mkr 
Then, power = Fv = mkr (krt) = mk r t 


41. (a) Accleration of a rocket is given by 


__(F 
= (M,—mt) 


With the burning of fuel, mass of rocket decreases 
but engine keeps the force constant so acceleration is 
picked up in the manner shown in (A) 


42> (b) When boys jump one by one total velocity of 
the system will be more. (because from conservation 
of momentum, velocity of car in this case will be 


u,,=uf 1 _,_1 
M+2m M+4+m 


instead of mu í 


1 1 
M+2m + M + =| 
when they jump simultaneously. 
43. (a) From conservation of momentum 
Mu = (M + mt) V 


Mu 


o V= Mem 


vertical down pour of rain does not effect the 
horizontal motion of carriage but addition of mass of 
water to mass of the carriage changes the velocity. 
44. (a) By conservation of momentum 
(m+ 2m) u= mu +2mV 
or 3mu=mu+2mV 
or V = u The vertical motion does not affect the 


horizontal motion. Hence the trolley moves with 
u. 


45. (b) Since bogie A stops after exchange of positions of 
boys, we get 
(M + mu)u, —- Mu, —- Mu, = 0 


(° boy in A carries away momentum and boy in B 
brings in —ve momentum) 
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46. 


47. 


1. 


or Mu,=Mu, 
For bogie B 
(M + m) u, 
For bogie B 
(M + m)u,—mu,—mu,=(M+m)o, 
or Mu,—Mu,=(M+m)o, 
From (1) and (11) 


MD, mv 


and u= B 
—m M-m 


u, = 
(c) By conservation of momentum 
mae mu, 
or 3u=u,+ 2u, 


mu = 


also additional energy 


_ 1 mu; | 12 2mu, = er 
“(2 6 2 6 aad 
2 2 
„_ mu amu, 1 , 
or 4mu = 6 T 6 z mu 


or 24 mu? = mu? + 2mu, — 3mu’? 
or 27 mu? = mu? + 2mu, 
Solving (i) and (ii) 
u =5uandu,=-u 


Relative velocity = 5u — (— u) = 6u 


(a) Work done by man, 

mgL = mg (L-— s) + mgs 
Where mg (L— s) is the increase in potential of energy 
of the man and (mgs) is the increase in potential 
energy of the balloon because the balloon would have 
been lifted up but for the climbing of the man. 


Increase in P.E. of man 
Increase in P.E. of balloon 
E mg(L-s) 2 L-s 
mgs S 


PRACTICE EXERIC SE 2 
(SOLVED) 


A spherical ball of mass 20 kg is stationary at the top of 
a hill of height 100 m. It rolls down a smooth surface 
to the ground and then climbs up another hill of height 
30 m and finally rolls down to a horizontal base at a 
height of 20 m above the ground. The velocity attained 
by the ball is 


[AIEEE 2005] 


(a) 40 ms! (b) 20 ms! 
(c) 10 ms?! (d) 10 4/30 ms"! 


48. 


49. 


50. 


Work, Energy and Power | 


1 
(c) At D. K.E. = J mv’ — u, mg (BD) 


= ; x 0.5 x 3-0.2 x 0.5 x 10 x 2.14 


= 2.25 -—2.14=0.11 J 
Let the spring be pressed by distance x, then 


0.11 = : kx?’ + u, mgx 


=Żx2xx+0.2x0.5 x10 xx 


or x7+x-0.11=0 i.e.,x=0.1m 


Total distance covered 
=24+2.144+0.1 =4.24 m. 


(a) By the principle of conservation of momentum, mV 


cos 0=™ Vcos 0+% V' 
2 2 


Le; Ce mV cos 0 = y' 


kes V’ = 3V cos 0 
(c) 


2m v' cos 30 = mv 


9 


v3 =Jorva a5. 


i 
Solution (a) mgh a mv? or v = 2gh =42x10x80 = 


40 ms”. 


2: 


The block of mass M moving on the frictionless 
horizontal surface collides with a spring of spring 
constant K and compresses it by L. The maximum 
momentum of the block after collision is 


a C 


Work, Energy and Power 


(a) MK L (b) KE 
2M 
ML’ 

Z d 
(c) Zero (d) m 


[AIEEE 2005] 
2 
Solution (2) -KI = p orp= MK L 


3. IfSis stress and Yis Young’s modulus of material of a 
wire, the energy stored in the wire per unit volume is 


2 
(a) 2S°Y (b) 7 
(c) 2Y/S° (d) S/2Y 
[AIEEE 2005] 
S ya 


1 1 
b)U= -st tain=-x5x z7 = =., 
Solution (b) a OST KSNAN Ti x y zy 
4. A body of mass m is accelerated uniformly from rest to 
a speed v in a time T. The instantaneous power delivered 
to the body as a function of time is 


mv mv 
@ nat O) m P 
mv" mv" 
(c) 2T’ e 2T? 
[AIEEE 2005] 


Solufion (a) P=mav=mat=m (x) t 


5. A car is moving on a straight road with a speed 100 
ms. The distance at which car can be stopped is..... 


[u, = 0.5] 
(a) 800m (b) 1000 m 
(c) 100m (d) 400 
[AIEEE 2005] 
u? _ 100x100 


Solution (b) D = de,  2x10x0.5 = 1000 


6. A particle of mass 10 g is kept on the surface of a 
uniform sphere of mass 100 kg and radius 10 cm. Find 
the work to be done against the gravitational force 
between them to take the particle far away from them. 
(a) 13.34 x 10" J (b) 3.33 x 10" J 
(c) 6.67 x 10" J (d) 6.67 x 10"J 

[AIEEE 2005] 


Solution (0) w= au = O" 


r 
6.67 x10" x100 x 10™ 
p 107 
= 6.67 x 10" J. 
7. A force F acting on an object varies with distance x 


as shown 1n the figure. The work done by the force in 
moving the object from x = 0 to x = 6 m is 


(N) 
3 ; 
0 : — B , —»> x(m) 
(a) 18J (b) 13.5 J 
(c) 9J (d) 4.5J 
[CBSE PMT 2005] 


Solution (b) W = Area under F — x graph. 


8. A bomb of mass 30 kg at rest explodes into two pieces 
of masses 18 kg and 12 kg. The velocity of 18 kg mass 
is 6 ms’. The KE of other mass is 


(a) 324 J (b) 486 J 
(c) 256] (d) 524J 
[CBSE PMT 2005] 


18x6 
Solution (b) m,v,=M, Dv, <. 0, = 5 = 


KE = = 12 (9)? = 486 J 


9 ms! 


9. A block of mass 10 kg is moving in x-direction with 
a constant speed 10 ms“. It is subjected to a retarding 
force F =—0.1 x J/m during its travel from x = 20 m to 
x = 30 m. Find the final KE. 

(a) 475 J (b) 450 J 
(c) 275 J (d) 250 J 
[AITMS 2005] 


Solution (a) KE = fF. dx +t KE i 


30 1 
= | —(.l)xdx+ x 10 x 10? 
20 2 


2 2 
=|-30 20° | © 1)+500.=475] 
2 2 

10. Energy required to break a bond of DNA is approximately 

(a) ~leV (b) ~0.1 eV 

(c) ~0.01 eV (d) ~2.1 eV 

[AIMS 2005] 

Solution (a) 


k 
11. A particle is moving with centripetal force — . Find 
r 


the total energy associated. 
[CBSE PMT Mains 2005] 


k 2 

or mv’ = 
r r r 
Total energy = KE + PE = -KE =- _~ 


or 


12. Aspring does not obey Hooke’s law. Rather it follows, 
F = kx— bx’ + cx’. If the spring has natural length / and 
compressed length /’ then find the work done. 
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I-l 
k b i 
Solution W = Í F.dx=~ -tp- 3 -1+7 
0 4 
G-r 


13. A space shuttle of mass 86400 kg is revolving in a 
circular orbit of radius 6.66 x 10° m around the earth. 
It takes 90.1 minutes for the shuttle to complete one 
revolution. On a repair mission it moves 1 m closer to 
a disabled satellite every 3.0 s. Find the KE of shuttle 
relative to the satellite. 
(a) 4800 J 
(c) 2.59 x 10° J 


(b) 480 J 
(d) 2.69 x 10" J 


2 
Solution (a) : mv’ = x 86400 x =) = 4800 J 


14. A particle of mass 6 kg moves according to the law x= 
0.2 #? + 0.02 t°. Find the work done by the force in first 


As. 
(a) 1.1231] (b) 2.6428 J 
(c) 2.1324 J (d) 1.6428 J 
1 
Solution (d) E m (v; -v7 ) 


a E 
v= id : =; 


2 i x6 [(74} -0] = 1.6428 J 


15. A moving electron has KE ‘K’. When a certain amount 
of work is done, it moves with one quarter of its velocity 
in opposite direction. Find the work in terms of K. 


-15 a » 274 
(a) ig (b) 6 
-5 -3 
ER 4 d) — K 
(c) ri (d) ; 
-K =17 
Solution (b) (ay? =K+WorW= 6 


16. A brick of mass 1.8.kg is kept on a spring of spring 
constant K = 490 N m~”. The spring is compressed 
so that after the release brick rises to 3.6 m. Find the 
compression in the spring. 
(a) 0.21 m 
(c) 0.414 m 


(b) 0.322 m 
(d) 0.514m 


1 
Solution (d) a = mgh or 


x= 2x1.8x10x3.6 _ 3.6 -0514m 
\ 490 7 


17. 75 kW engine is generating full power. It is able to 
provide a 700 kg airplane a speed 2.5 ms“'. Find the 
fraction of engine power used. 


1 3 
(a) 100 (b) 100 
5 7 
(c) >00 (d) 300 
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F.V — 700x10x2.5 ue 
P 750x10° 300 


supplied 


Solution (d) Paes 


supplied 


18. Inanice rink a skator is moving at 3 ms“ and encounters 
a rough patch that reduces her speed by 45% due to a 
friction force that 1s 25% of her weight. Find the length 


of the rough patch. 
(a) 1.56 m (b) 1.46 m 
(c) 1.36m (d) 1.26 m 
u-v; — 3°(1-(.55)’) 
i f . 
d) l= E 
Solution (d) zng 3x25 


= 1.8 [.7] = 1.26 m 


19. A pump having efficiency 75% lifts 800 kg water per 
minute from a 14 m deep well and throws at a speed 
of 18 ms. Find the power of the pump. 


(a) 2060 W (b) 2490 W 
(c) 3218 W (d) 1400 W 
Solution (b)P Ta g Po x 10x 14= = W. 
off Odi 60 3 , 
4 22400 
Lm = | se x 3 = -o = 2488.88 W 


20. The heart takes and discharges 7500 / of blood in a day. 
Density of blood = 1.05 x 10° kg m>. If on an average 
it takes to a height of 1.6 m. Find the power of the heart 


pump. 

(a) 1.63 W (b) 1.36 W 

(c) 1.96 W (d) 2.46 W 
a a 


P= h=p — gh 
Solution (a) neem? a 8 


E 1.05x10° x7500x10° 
7 24x 60x 60 
= 1.63 W 


x 10 x 1.6 


21. Inthe system shown, find the speed with which 12 kg 
block weight hit the ground. 


(a) 2 A10 ms! (b) 4/2 ms" 
(c) 2./5 ms”! (d) 3 ms“! 


1 1 
Solution (c) m, gh—m, gh= > m, vi + z "a V2 


or 8x10 x 2= = x 16 vor v= 2 V5 ms! 
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22. A skier starts at the top of a snowball with negligible 
speed and skis straight down the side. At what point 
does he lose contact with the snowball. 


2 
(a) 0 = sin! (b) 0 = cos?! 3 


(c) @=tan! (d) none on these 


ww! rp Wl NO 


Solution (5) dan = mgh = mgR (1 — cos 0) 


2 


or a = 2 mg (l — cos 0). 


Condition of losing contact n = mg cos 0 
or 2 mg (l -— cos 0) = mg cos 0 
or @=cos! ~. 

23. The force F=C y? J with Cas negative constant is 


(a) conservative (b) restoring 
(c) nonconservative (d) none 


Solution (a) W ot = Wis + Wc g M 


=0+ |, -O*ay + f -Cy*dy =0 


(a, 0) C 


rs 


_ =B 
(0, 0) (a, 0) 


Since the work done in a round trip is zero. 


24. A particle has PE vs x curve as shown in the figure. The 
unstable equilibrium occurs at 
(a) A (b) B 
(c) C (d) D 


x(m) 


Solulion (c) XF = 0 and PE = maximum for unstable 
equilibrium. 


25. A body A of mass M falling vertically downwards under 


gravity breaks into two parts; a body B of mass and 


a body of mass M. The COM of bodies B and C taken 


together shifts compared to that of body A towards 
(a) depends on height of breaking. 
(b) does not shift. 
(c) body C. 
(d) body B. 
[ATEEE 2005] 


Solution ©) Since no horizontal force acts. Therefore, 
Voom = 0 and Axo, = 9 


26.. A mass m moves with a velocity v and collides 
inelastically with another identical mass. After collision 


V . 
5 in a direction 


perpendicular to the initial direction of motion. Find 
the speed of second mass after collision. 


(a) v (b) Bv 


(c) Cm 
B 


first mass moves with velocity 


2v 
vi 


[AIEEE 2005] 


mD 
Solution (c) mv = mv' cos 0, 0 = E — mv' sin 8 


2 
; V 
or v”? [cos*@+ sin? 0] = v? + 3 


29° 


or v= E 
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27. A bomb of mass 30 kg at rest explodes into two pieces 
of masses 18 kg and 12 kg. The velocity of 18 kg mass 
is 6 ms"'. The KE of the other mass is 


(a) 324J (b) 486 J 
(c) 256J (d) 524J 
[CBSE PMT 2005] 
2 2 
p (18x6) 
b) k= msn =4 
Solution (b) a Sap 86 J 


28. The PE of a particle of mass m is given by 
O<x<l 
x>l 


A, and À, are the de-Broglie wavelengths of the particle, 
when 0 <x <1 and x> | respectively. If the total energy 


of the particle is 2E, find 7 


À 
(IIT mains 2005] 
Solution KE = 2E, -E,=E, for0<x<1 


A= k 


! J4mE, 


KE = 2E for x > 1. A, = 


h 


7 [4mE, 


29. Which of the following is not an inelastic collision. 
(a) aman jumps on a cart 
(b) a bullet imbedded in a block 
(c) collision of two glass balls 
(d) none of these. 
[B.H.U PMT 2005] 


Solution (c) 


30. A stationary bomb explodes into two parts of masses 
3 kg and 1 kg. The total KE of the two parts after 
explosion is 2400 J. The KE of the smaller part is 
(a) 600 J (b) 1800 J 
(c) 1200 J (d) 2160 J 

2 2 


p 
Solution ©) 3m +3q = 2400 


or p*=2400 x > 


2 
ang P= 2400x3 


2m 4 


31. Ina perfectly elastic collision 
(a) both KE and momentum are conserved. 
(b) only KE is conserved. 
(c) only momentum is conserved. 
(d) neither KE nor momentum are conserved. 


Solution (a) 


32. A bullet of mass m and velocity v 1s fired into a block of 
mass M and sticks to it. The final velocity of the system 
equals 
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Mov 
(a) Maem (b) m+M 
m+M m+M 

= (mM) o (d ( M Je 
VR ,_ Mvo 
Solution (b) (m +mv') = mv or v' = PEST, 


33. A mass m with velocity u strikes a wall normally returns 
with the same speed. The change in momentum is 
(a) — mu (b) mu 
(c) zero (d) —2mu 


Solution (d) Ap = p,- p, = -mu (mu) = -2mu 


34... Which one of the following is correct? 


(a) E'=p’c (b) E’=p'c 
2 
p 
(c) E =pe (d) E =-7 


Solution (a) check dimensionally 


35. If momentum decreases by 20%, KE will decrease by 
(a) 40% (b) 18% 
(c) 36% (d) 8% 


mv? 


2 
Solution (c) AKE e (0.80)? = 0.36 = 
decrease is 36% 


36. -particles is emitted from the nucleus of mass number 
A with velocity u. Then, the recoil speed of the nucleus 


will be 
(a) om, (b) om, 
a 

A-m, A+m, 

4v D 

d = 
© 4 (@ = 
om 


Solution (a) v. m,=(A-m,) v' orv = G 


37. Momentum is most closely related to 


(a) force 
(c) KE 


Solution (b) 


(b) impulse 
(d) power 


38. 3 P, Originally at rest emits a — particles of KE ‘k’. 


Find the KE of recoiling nucleus. 


Wo A Energy and Power 


a gjg O E 
K K- 
() 596 (d 514 


Solution (b) 206. v' = 4v 
KE of recoiling nucleus = > (206) (v')” 


1 4Y n 4 
= eee) ea ERS yg 


39. On a muddy football field, 110 kg line backer tackles 
an 85 kg half back. Immediately before collision, the 
line backer is slipping with a velocity of 8.8 ms” North 
and the half back is sliding with a velocity 7.2 ms" 
east. What is the velocity at which two players move 
immediately after collision? 

(a) 5.9 ms"! (b) 6.8 ms"! 
(c) 8.0 ms"! (d) 7.6 ms"! 


Solufion (a) (110 + 85) v= 110 (8.8) f +85 (7.2); 


411x88) +(85x7.2)? 
or b=" -= 


195 


tan B= > or $ = tan”! 2 North of east 


242 244 
40. A 250 g grass hooper moving due south at 20 cms"! 
(at mid air) collides with 150 g grasshooper moving 
60 cms"! due north. Find the decrease in KE if they 
move together after collision. 


5.9 ms"! 


(a) 0.3 J (b) 3.0 J 
(c) 0.03 J (d) 0.003 J 
mm, 
Solufion (c) AKE = 2(m, +m,) (v, - v)” 


_ 0.25x0.15(0.8)* 


2(0.4) = 0.03 J 


41. A5 g bullet was fixed horizontal into a 1.2 kg wooden 
block resting on a wooden surface. The coefficient of 
kinetic friction between the block and surface is 0.2. 
The bullet remained embedded in the block. The block 
was found to slide 0.23 m along the surface before 
stopping. Find initial speed of bullet. 


(a) 241 ms"! (b) 229 ms"! 
(c) 221 ms" (d) 201 ms"! 
Solution pees” = Č andv?=2as 
1205 241 


2 
D 
nA (2) =2 x.2 x.23x 10 
V = 


V241x241x.92 =229ms"! 


42. A 0.15 kg glider moving to its right with 0.8 ms"! 
collide head on with another glider of mass 0.3 kg 
moving with a speed 2.2 ms™' to left. Find the velocity 
of 0.15 kg glider after collision. Assume collision is 
elastic. 


—— 
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(a) 2.2 ms“! (b) 3.2 ms! 

(c) 2.96 ms” to right (d) 2.96 ms! due left 

mM, = m, 2m, 
Solution (b) D, = m, + m, u + m, +m, u, 
—0.15 2x0.3 
= (0.8) + —2.2) = - 3.2 ms”! 
= a ~**) a 


43. Inaparticle accelerater, a beam of proton is emitted at 
1.5 x 10’ms~. The beam of some protons strike head 
on with gas atoms and rebound at 1.2 x 10’ms"". If the 
initial velocity of gas atom is negligible, find the mass 
of gas atom in terms of mass of proton. 


(a) 3m (b) 6m 
(c) m (d) 9m 
(e) œ 
(m -m,) 2m,u, 
Solution (4) v, = m, +m, mar m, +m, 
m-m, 
ETA (1.5 x 10’) = 1.2 x 107 or m,=9m 


44. A70kg astronaut floating in a 110 kg MMU experiences 
an acceleration of 0.029 ms? when he fires one of the 
MMU’s thrusters, if the speed of escaping N, gas is 
490. ms7', how much amount of gas is used in 5 s. 


(a) 5.53 g (b) 5.53 kg 
(c) 55.3 g (d) 55.3 g 
Solullon (d) (70 + 110- “i 5).029 = A 490 
m dm _ 180 x.029x5 
dt 490 


= 0.0553 kg = 55.3 g. 


45. 3-identical pucks on a horizontal air table having 
repelling magnets are held together and then released 
simultaneously. Each has the same speed at any instant 
one puck moves west. What is the direction of other 
two 


120° ¢ 


W 


~ 
-> 


(a) 30° East of North, 30° East of South 
(b) 60° East of N and 60° East of South 
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(c) 45° East of N, 45° East of South 

(d) none of these 
Solution (a) It is possible if they are at 120° with each 
other. 


one shall be 30° East of North and other 30° East 
of South as illustrated in the figure. 


46. Aneutron decays to a proton and an electron. Find the 
fraction of energy gone to proton if total energy released 
is k. m,= 1836 m, 


1836 

= By 2222 

(A) 1936 (b) 1937 
1835 

2922 d oe 

(© i837 (7937 

U, 

Solution (d) 0 = 1836 v, +v, or v, = 133 


Tia 
2 2 
Total KE = > [1836 v’ +o] = - Fear | 


LPT TIE 
Kp 2 °? 1836_ 1 
K, 1l 2x1837 1837 

2 ? 1836 


47. A beam of light of wavelength å is incident on a mirror 
at an angle @. Find the change in momentum of the 
photon after reflection. 


(a) 2 = sind (b) F-c0s 8 


(c) 2=cosé (d) none of these 


Solution (c) Ap = 2p cos 0= 2 cos 0 


48. Find the distance moved by wedge when the block just 
reaches ground in the Figure. 


(a) Mhcot@ (b) Mh tan 0 
M -m M+m 
(c) Mh tan 0 (d) Mh cot 0 
M -m M +m 
+ 
h 
a“ 


Solution (d) mh cot 0@=-(M+m)x 


_ _ Mhcoté 
M+m 
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49. A body of mass m collides obliquely with another 
identical body at rest. Assuming collision to be elastic. 
The colliding bodies will move at__ _ _ 
(a) 60° to one another (b) 90° to one another 
(c) 120° to one another (d) 30° to one another 


Solution (b) 


50. A ball of mass m collides head on with another ball 
at rest. The KE of the system left is 50%. Find the 
coefficient of restitution. 


l V2 

(a) V2 (b) ES 

(c) > (d) zero 

Solution (d) mu+0= mv +mv, or 

U=0,+0, QA (1) 
V, =U) 

e= DQ | Ee (2) 

(l-—e)u 
From (1) and (2).v, = 5 and 


en i l 
— muv x — 
! 2 2 2 


V = 
l-euy (d 
im ( oe (! en) fi=1seore=0 


51. A particle is released from the top of a quarter circle 
of radius 1.6 m. It stops at C, 3 m away from B. Find 
coefficient of friction which is present only on the 
horizontal surface. 
(a) 0.533 
(c) 0.433 


(b) 0.333 
(d) none 


B k——— 3m ————-91 


2gh 16 
Solution (a) u = 2el 3 = 0.533 


52. A 500 g ball is released from a height of 4 m. Each 
time it makes contact with the ground it loses 25% of 
its energy. Find the KE it posses after 3rd hit. 


(a) 15 J (b) 11.25 J 
(c) 8.44] (d) none 
3y 1 3 3 3 
= Z a= xix 
Solution (c) KE = mgh = > x 10xa( 3 A z) 
20, 
o 32 7° 


53. The following data is obtained from a computer 
simulation for a patted baseball with mass 0.145 kg 
including air resistance. Find the work done by the air 


| Work, Energy and Power 


on the base ball as it moved from maximum height to 
back to its position 


t (s) x(m) y(m) v (ms* v, (ms) 
0 0 0 30 40 
3.05 70.2 53.6 18.6 0 
6.59 1244 0 12.0 -30 
(a) 0 (b) 106.56 J 
(c) 76J (d) 213 J 


Solution (b) W= m (v? a 7 ) 


l 
= > x 1.45 (30? + 40? — 12? — 30>) = 106.56 J 
54. A locomotive of mass m starts with a velocity v = a 


x. Find the work done by all the forces acting on 
locomotive in first ¢ sec. 


ma't’ ma‘t? 
a b 
(a) 4 (b) 3 
ma't? matt? 
d 
(c) z (d) ; 
: dvu dv dx a a? 
Solution (c) — =-—.— = (a¥x)h =— 
dt dx dt efx 2 
F- ma’ 
2 


2 


S=ut+ | PRO T p 
2 4 


W=F.s= 


55. The KE of a particle moving along acircle of radius R 
depends upon the distance covered x as T = ax’. Find 
the force on the particle. 


2 


f 2ax 
Solution leap ax? or v = .@ 
2 m 
. TE” dù 4axv 
differentiating (1) 20 — = 
dt m 
2ax 


or acceleration a = — 
f m 


Hence net force = m Ja +a; 
lax’ (2) 
= +| — 
=m mR m 
2 
= X 
2ax i +(*4) 


56. Two blocks of mass m, and m, are connected by a non 
deformed light spring resting on a horizontal table. The 
coefficient of friction between the blocks and table is 
u. Find the minimum force applied on block 1 which 
will move the block 2 also. 


4.23 


Solution If x is the compression in the spring when block 
m, is just to move then 


Kx=u m, g ... (1) for min. force; W = 0 


F. x- ~ Keay m gx=0 


or S =F-um,g s (2) 


From (1) and (2) F=y g (m + 


57. A chain of mass m and length / rests on a rough table 
with part overhanging. The chain starts sliding down by 


l 
itself if overhanging part is 5 What will be the work 


performed by the friction forces acting on the chain by 
the moment it slides completely off the table? 


Mel 2Mel 
(a) — (b) - $ 


3 3 


2 m 1 
Solution (d) u zmen goru= 5 


Assume at any instant the length of the chain on the 


ae HM 
table is x then force of friction = uN = G xg 


2l M 
Work done against friction i 4H recs . dx 


M g |4? \_ Mgl 
l 9 


58. In the system of two masses m, and m, tied through a 
light string passing over a smooth light pulley. Find the 
acceleration of COM. (Centre of mass). 


2 
(m, — m, ) 
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61. 


ma +m,a 
Solution (b) acom = — 77 Note that a,=-4,, 
m, +m, 
(m —m, )a, (m —m,)g 
i = — and i=— — 
m, +m, m, +m, 


_ (m, ~~ m,)° & 

7 (m +m,)? 
59. Two blocks of masses m, and m, joined to a non 
deformed spring of length /, and stiffness K as shown 
in this figure. If a force F is applied on block of mass 
m,. Find the maximum separation between the blocks. 


(a) I m F b) I m, F 
+ —— +4 
an k(m, +m, ) °  k(m +m,) 
2m, F 2m, F 
o) p+ (@) + —— 
m, +m, m, +m, 


62. 
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mdv 
v=ktr F=—— =mkr and 
dt 


Power P= F. Ù 
P=mkri(tkr)=mk rt 


In the figure, pulley is light and smooth. Thread is 
massless. On applying force F, KE increases by 20 J 
in ls. 

(a) Tension in the string is Mg. 

(b) The tension in the string is E 

(c) Work done by the tension in 1 s is 20 J. 

(d) The work done by the force of gravity is 20 Jin 1 s. 


Solution (>) 


In a factory, 2000 kg metal is lifted by 12 m in 
| minute by a crane. The minimum horse power of the 
engine is 


(a) 320 bhp (b) 32 bhp 
(c) 5.3 bhp (d) 6.4 bhp 
Solution (d) x, and x, be the maximum displacement in 
m, and m, respectively. dmgh 2000 
F Solution (c) P= = x 9.8 x 12 
Acom = 
_ 400x9.8 
P (bhp) = —7— = 5.3 bhp 


l 
3 k(x +x, = 


ı TM, 
63. 
= PETI (x, +x) 
2m F 
or x +x, = TAE 
Thus maximum separation = 1, +x, +x, 


j 2m F 
=] +—————_-. 
° k(m +m,) 


60. A particle of mass m is moving in a circular path 
of constant radius r such that radial acceleration 
a =k’ ť r. Find the power delivered to the particle by 
the forces acting on it. 


(a) 2xnmk rt 
l 
(c) A mk ri 


(b) mkr t 
(d) 0 


2 
V 

Solution (b) — =k rr or 
r 


A projectile is fired with a speed u at an angle 0 above 
the horizontal field. The coefficient of restitution 
between the projectile and field is e. Find the position 
from the starting point when the projectile will land at 
its second collision. 


(a) e'u’ sin 20 
§ 

(b) (l—e*)u* sin 20 

§ 
(c) (l—e)u’ sin 8 cos @ 

§ 

(d) (1 +e)u° sin 20 

§ 


Solution (d) Vertical velocity after first collision 


= eu sin 8. 
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New Time of flight 7’ = n 
& 
R= u T 
u’ sin 20 
x=R+R= E (1 +e) 


64. In a y-decay process, y-rays of energy E is emitted. 
Find the decrease in internal energy of mass M (of 


nucleus). 
E’ E? 
a b E- 
(a) 2Mc’ (0) 2Mc’ 
2 2 
E+ d) E+ 
©) 2Mc’ i?) z 
p i 
Solution (c) AE={E +E | =E+‘— =E+ 
9 (c) r nucleus 2 M 2 Mc? 


65. A small block of superdense material has mass 
2 x 10% kg. Itis at a height h << R. It falls towards earth. 
Find its speed when it is at a height h/2 


2gh 38h 
(a) 3 (b) 4 
3gh gh 
(c) 5 (d) 5 
1 M 
Solution b) — v? re 
GM a GM i 
= ee z : mv Mé D 
= (tsr) (h+R) ? l 3 2 
2 
3gh 


or = 
6R, 2 V4 


66. A system consists of two identical cubes each of mass 
m linked together by a massless spring of spring 
constant K. The spring is compressed by x connecting 
cubes by thread. Find minimum value of x for which 
lower cube will bounce up after the thread has been 


burnt. 
2mg 3mg 
ons b 

(a) 7 (b) 7 

e 22 a) 2e 
2k 2k 


Solution (b) The elongation produced x’ be such that 
kx' = mg. Apply energy conservation as at the maximum 
elongation uyo" 0. 


l l 
— kx*= me (x+x')4+- kx”? 
; g ( ) r 


x2 2mM8x _ 


k k 


Si 22m8 m 2mg { mg _{ mg = 
ko k\k kK) 


3mg 


k 


67. A cart loaded with sand moves along a horizontal plane 
due to a constant force F in the direction of velocity. 
Through a small hole in the bottom sand spills out at m 
kgs~'. Find the velocity of the cart at any time t. Initial 
mass of the cart is m,. 


or x= 


F Mo My 
@) 108. my) e 
F F 
c) —t d) ~_t 
©) me () 


Solution (a) Mass of the cart at any instant is m, — mt 


(eae dy _ F 
acceleration a = Ji m, — mt 


t F m 
v= | dt 2t_Jog -a 
n m — mt m e m,— mt 


68. A block of mass m is given a velocity v. Find to what 
height the block will rise after breaking off from mass 
M. Assume all surface to be smooth. 


mv? mv? 
© 2am) © Tem 
v Mv’ 
© Ie (D g¢m+M)y 


Solution (d) mv =(m+M)v orv = _”P 
j * m+M 


Energy conservation gives 


l 2 l 2 l 2 
— mv =— (m+ v+ mv ^+ mgh 
: Jk M) v, 5 y gh, 


1 l mo Y 1, 
or aoe = (m+ M) FA E TO te 


2 


m 
(moe aM ~ 28h 
12 


If h, is the height from break off point then h, = Tg 


and h = h, +h, 


v? mv’ 


Thush=h +h, = 35- 990m FM) 
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Solution (c) á 


70. 


Particle 1 collides a stationary particle 2 head 
on elastically. Find their mass ratio if after collision 
they move in opposite direction with equal 
velocities. 

(a) 1 (b) 1/2 

(c) 1/3 (d) 1/4 


_ (m,—m,)u, + 2m,u, 
» (m,—m,)u,+2mu, 


(m,—m, )u 
or -|1 
2mu 
m _l 
or 7 3 


Two persons each of mass m are standing at the two 
extremes of a railroad car of mass M resting on a smooth 
track. The person on the left jumps to the left with a 
velocity u. Thereafter second person jumps to right with 
same velocity u. Find the velocity of the train when 
both the persons have jumed off. 


(a) — U __ towards left 
(m+M)m 
2 
(b) —“" __ towards left 
M(m+M) 
2 
(c) ie ST towards right 
2 
(d) a towards right 
Solution (b) mu =- (M + m) v or v = “nM 
m+M 


71. 


Negative sign means towords right 


After the 2nd person jumps, conserving momentum 
(Now taking positive sign for right) 


mu = Mv — Mv’ or mu APEC) — Mo’ 
m+M 
2 
r,_ __ mMuU_N 
OF 0 =~M(m+M) 


Negative sign shows towards left. 


A ball of mass m is dropped on to a floor from certain 
height, collision is perfectly elastic and the ball 
rebounds to the same height and again falls. Find the 
average force exerted by the ball on the floor during a 
long time interval. 

(a) mg (b) >mg 

(c) <mg (d) none of these 


Solution (a) Ap =m | /2gh a (-/2gh) | 


=2m f2gh: ee amas 2gh 


At | 
2n 2h 
& 
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72. A Rod of length / and mass 4 m is hinged at one end as 
shown in figure. A point mass m moving with a velocity 
v hits it on the other end and sticks. Find the angular 
velocity so formed. Assume the whole system is kept 
on a smooth horizontal table. 


D D 
(a) zI (b) 37 

2D 3D 
(c) a (d) ay 


Solution (d) Conserve angular momentum 
Iœ = mv (D 


2 
(4 m+ ml’) œ = mol 


or ae 


71 


73. Three spheres each of mass m are placed at the vertices 
of an equilateral A of side /. Each sphere is moving 
towards centroid with velocity v. After collision A 
comes to rest. B continues to move in the same direction 
with velocity v. Find the direction and velocity of C 
after collision. 

(a) C move opposite to B. 

(b) zero. 

(c) C moves in the direction of B. 
(d) C moves in its direction. 


Solution (a) Net angular momentum just before impact 
= 0 (use A Law). Therefore, after collision net momentum 
should be zero. To make momentum zero, C shall move 
in a direction opposite to the direction of B and with a 
velocity v. 
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PRACTICE EXERICSE 3 
(UNSOLVED) 


1. A motorcycle of mass m resting on a frictionless road 
moves under the influence of a constant force F. The 
work done by this force in moving the motorcycle is 
given by F’t*/2m, where t is the time in seconds. 


Ratio of instantaneous power to average power of the 
motorcycle in t = T second is 

(a) 1:1 (b) 2:1 

(ch 322 (d) 1:2 


2. Acompressed spring of spring constant k releases a ball 
of mass m. If the height of spring is h and the spring is 
compressed though a distance x, the horizontal distance 
covered by ball to reach ground is 


(a) JE o) = 
mg mg 
2kh mg 

(€) pe (a) 

c) x = a 


3. A mass m starting from A reaches B of a frictionless 
track. On reaching A it pushes the track with a force 
equal to x times its weight, then applicable relation is 

(x+5) x 


(a) = T (b) eo a 
ie) Het ars (4), 
A m 
P 
\ 
h 
B 


4. A minute particle resting at a frictionless surface is 
acted upon by a constant horizontal force. Neglecting 


4.2/ 


frictional force the graph between work done on the 
particle w and speed of particle u is represented by 


eT 
<—_> 


ul u 


(c) i (d) . 


5 A particle of mass m slides along curved — flat — curved 
track. The curved portions of the track are smooth. If 
the particle is released at the top of one of the curved 
portions the particle comes to rest at flat portion of 
length / and of coefficient of kinetic friction = 
after covering length of 


jj 


H 
l k— | —— 


H kinetic 


(a) U3u kinetic (b) H/2y kinetic 


(c) 1/6 (d) 


H kinetic 


6. A light rigid rod of length L has a bob of mass M 
attached to one of its end just like a simple pendulum. 
Speed at the lowest point when it is inverted and 


released is 
(b) 2JeL 


(a) gL 
(c) 24L (d) Sel 


7. A particle is dropped from a height h. A constant 
horizontal velocity is given to the particle. Taking g to 
be constant everywhere, kinetic energy E of the particle 
with reference to time ż is correctly shown in 


4.28 


m ———_> 


8. 


10. 


l1. 


™ ———_> 


t———— t——> 
(a) (b) 
| 
t ——> — 


(c) (d) 


A vehicle of mass M is accelerated on a horizontal 
frictionless road under a force changing its velocity 
from u to v in distance S. A constant power P is given 
by the engine of the vehicle, then v = 


, 2PS\" 
(a) Gea 


1/3 
(c) FE | (a) 
M 


Two frames, one stationary and the other moving, are 
initially coincident. Two observers in the two frames 
observe a body initially at rest in the coincident frame. 
A constant force F starts acting on the body along 
horizontal axis when moving frame starts separation 
from fixed frame. Work done ‘W’ as observed by 
stationary frame and W’ as observed from moving 
frame are compared to each otheras 

(a) W=W b) WW 


(c) W=—W’ (d) W=2W 


A mass m is thrown vertically upward into air with 
initial speed u. A constant force F due to air resistance 
acts on the mass during its travel. Taking into account 
the work done against air drag the maximum distance 
covered by the mass to reach the top is 


2 2 
u u 
a) — b) ———————_- 
A 22 (b) 2g +(2F /m) 
u’ u” 
(c) ———_—_ (0) a Ą— 
2g+F/m g+F/im 


A 20 g bullet passes through a plate of mass | kg 
and finally comes to rest inside another plate of mass 
2980 g. It makes the plates move from rest to same 
velocity. The percentage loss in velocity of bullet 
between the plate is 
(a) O 

(c) 75% 


(b) 50% 
(d) 25% 


12. 
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A particle of mass | kg has potential energy, P.E. = 3x 
+ 4y. At t = 0, the particle is at rest at (6, 4). Work done 
by external force to displace the particle from rest to 
the point of crossing the x axis is 

(a) 25J (b) 20J 

(c) 15 J (d) 52J 

A body is lifted over route I and then route II such 


that force is always tangent to the path. Coefficient of 
friction is same for both the paths. Work done 


(a) on both routes is same. 
(b) on route I is more. 

(c) onroute II is more. 

(d) on both routes is zero. 


Interaction between atoms of a diatomic molecule is 


a 
described by the relation P.E. (x) mae where 
x" x 


P.E. is potential energy. If the two atoms enjoy stable 
equilibrium, the distance between them would be 


iy 1/6 Jy 1/6 
o (5) oF 


2 1/6 1/6 
o (F o (2) 


A hammer of mass M falls from a height h repeatedly 
to drive a pile of mass m into the ground. The hammer 
makes the pile penetrate in the ground to a distance d 
in single blow. Opposition to penetration is given by 


m°’ gh 
(a) M +md 
IO a 
©) Grama tM+m)e 
o 

M +md 
o h y 


The height h from which a car of mass m has to fall 
to gain the kinetic energy equivalent to what it would 
have gained when moving with a horizontal velocity 
of (u + v) is given by 

2 


D V 
a b —— 
@ > O > 

(c) (ut+v) (a) (u +v) 
2g g 
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17. 


18. 


19. 


20. 


21. 


A gun requiring the support of shoulder shows intensive 
recoil when fired with 

(a) the butt held tightly with the shoulder. 

(b) the butt held loosely against the shoulder. 

(c) the butt held loosely or tightly against the shoulder. 
(d) abullet of greater mass. 


A mass m is allowed to fall on a pedestal fixed on the 
top of a vertical spring. If the height of the mass was 
H from the pedestal and the compression of the spring 
is d then the spring’s force factor is given by 


(a) M (H +d) (b) 2M ae 
d’ d 

Me H H +d 

(c = (d) 2 Mg < = ) 


How high can a man weighing m kg climb using the 
energy from a choclate producing 100 calories in him? 
Let his efficiency be n 

(a) 1o metre (b) a metre 

mg mg 


(c) A metre 
mg 


(d) 42 1 mg metre 


A toy car moves up a ramp under the influence of force 
F plotted against displacement. The maximum height 
attained is given by 


(a) y= 20 m 
(c) yY  =10m 


(b) ya =15m 
(d) Yma = 9m 


A truck tows a jeep of mass 1200 kg at a constant 
speed of 10 ms” on a level road. The tension in 


22. 


23. 


24. 


25. 


26. 
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the coupling is 1000 N. If they ascend an inclined 
plane of 1 in 6 with same velocity, the tension in 
coupling is 
(a) 2000 N 
(c) 1680 N 


(b) 2960 N 
(d) 1000 N 


A screw jack of pitch 5 mm is used to lift the tyre of a 
vehicle of load 200 kg with the help of a handle of length 
0.5 m. Neglecting the friction force between screw 
and nut of the jack, the least force required to raise the 
load is 

(a) 1.2 N 
(c) 3.2 N 


(b) 2.2 N 
(d) 4.2 N 


A coconut of mass m falls from the tree through a 
vertical distance of s and could reach ground with a 
velocity of v ms“! due to air resistance. Work done by 
air resistance is 


(a) = Ogs = o) (b) — = mo" 


(c) mgs (d) mv? + 2mgs 


A body of mass m is in vertical motion under the 

influence of gravity then 

(a) work will be negative and kinetic energy increases 
during fall. 

(b). kinetic energy decreases when body is projected 
up and work will be negative. 

(c) kinetic energy increases when body is projected 
up and work will be positive. 

(d) work will be positive and kinetic energy decreases 
during fall. 


A block of mass m has initial velocity u having direction 
+x axis. The block stops after covering distance 
S causing similar extension in the spring of spring 
constant K holding it. If u is the kinetic friction between 
the block and the surface on which it was moving, the 
distances S is given by 


(a) mg 
l 2 52 nF 
(b) oe -u mg) 


1 
(c) Z Pmg? +mKu2 FAME 
1 


(d) —-(u'm*g* -mKu? + umg)? 


A rigid cord and an elastic cord support two small 
spheres of same mass M. They are deflected from 
the mean position through an angle of 90°. When the 
spheres pass through the mean position the lengths of 
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Zi. 


28. 


29, 


30. 


the two cords become same. If v, is the velocity of the 
sphere attached to rigid cord and v, is the velocity of 
the other sphere, then 


m m 
Rigid cord Elastic cord 
(a) v =0, (b) v, is more than v, 


(c) v <v, (d) v =0,=0 


A pipe of uniform crossectional of area a has a right 
angled bend. Impure water of density p flows through 
the horizontal portion of the pipe. The distance 
covered by water per second at the bend to keep the 
pipe in equilibrium against an applied force F at the 
bend is 


paF 


(a) J 
(c) 2) ° 
pa 


N similar slabs of cubical shape of edge b are lying on 
ground. Density of material of slab is 6. Work done to 
arrange them one over the other is 


(a) (N’—1) b’ pg (b) (N- 1) b pg 
(c) |= V-M) b* pg (d) (N2- N) b* pg. 


P 
(b) 2i 


(d) J j 
V2pa 


A body of mass 2 kg is being dragged with a uniform 
velocity of 2 ms” on a horizontal plane. The coefficient 
of friction between the body and the surface is 0.2. Work 
done in 5s is 
(a) 39.2J 
(c) 23.9J 


(b) 9.32 J 
(d) 93.2 J 
(Based on IIT 1980) 


A small block of mass m is released from rest from 
point D and slides down DGF and reaches the point 
F with speed v,. The coefficient of kinetic friction 
between block and both the surfaces DG and GF is u, 
the velocity ov, is 


31. 


32, 


33. 


34. 
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(™ 
x M—F 
x y 


(a) V2g(y-~) (b) J2g(y- ux) 
(c) ./2ey (d) J280 +27) 


(Based on IIT 1980) 


A body is moved along a straight line by a machine 
delivering constant power. The distance moved by the 
body in time ¢ is proportional to 
(a) t" (b) 134 
(c) 13? (d) £ 

(IIT 1984) 


A particle of mass 4 m which is at rest explodes into 
three fragments. Two of the fragments each of mass 
m are found to move with a speed v each in mutually 
perpendicular directions. The energy released in the 
process of explosion is 


(b) 3 mv? 


3 2 
a) — mo 
or 


(c) 2 mv? (d) = m? 


(Based on IIT 1987) 


An engine of mass m is moving up a slope of inclination 
8 at a speed v. The coefficient of friction between engine 
and the rail is u. If the engine has an efficiency n then 
the energy spent by engine in time f is 
(a) n mg (sin n + u cos n) vt 
(b) mg (cos @)vt 
1 
mg (sin @ + cos @)out 
1 

(d) mg | sind “i 

200 


(c) 


(Based on Roorkee 1987) 


A person decides to use his bath tub water to generate 
electric power to run a 40 W bulb. The bath tub is 
located at a height of h m from ground and it holds 
V litres of water. He installs a water driven wheel 
generator on ground. The rate at which water should 
drain from bath tub to light the bulb if efficiency of 
machine be 90% is 


11.11 


(a) = (b) 44.44 pgh 
pgh 
44.44 22.22 
(c) —— (d) —— 
peh pgh 


(Based on Roorkee 1990) 
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35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


Light from a discharge tube containing hydrogen atoms 
falls on the surface of a piece of sodium. The kinetic 
energy of the fastest photoelectrons emitted from 
sodium is 0.73 eV. The work function for sodium is 
1.82 eV. The rocoil speed of emitting atom assuming 
it to be at rest before ionisation is (ionisation potential 
of hydrogen is 13.6 eV). 
(a) 0.18 ms"! 

(c) 8.10 ms"! 


(b) 1.80 ms"! 
(d) 0.81 ms"! 


In Q. 55 the length / of string such that tension in string 
becomes zero when string becomes horizontal during 
subsequent motion of combined mass is 
(a) 0.23 m (b) 0.32 m 
(c) 0.13 m (d) 0.27 m 

(IIT 1997) 


A stone tied to a string of length L is whirled in a 
vertical circle with the other end of string at the 
centre. At a certain instant of time the stone is at its 
lowest position and has a speed u. The magnitude of 
change in velocity as it reaches a position where string 
is horizontal is 


(b) 22L 
(d) 2? - gL) 


(IIT 1998) 


A force F = -K (yf +x J), (where K is a +ve constant) 
acts on a particle moving in xy plane starting from 
origin, the particle is taken along the positive x-axis 
to the point (a, 0) and then parallel to y axis to the 
point (a, 0). The total work done by force F on the 
particle is 

(a) —2Ka? 
(c) —Ka? 


(b) 2Ka? 
(d) Ka? 
(IIT 1998) 


The value of e for plastic bodies is 
(a) 1 (b) zero 
(c) 8 (d) arbitrary 


A motor of 100 H.P. is moving with a constant velocity 
of 72 km/hour. The forward force exerted by the engine 
on the car is 

(a) 3.73 x 10°N 

(b) 3.73 x 10°N 

(c) 3.73 x 10'N 

(d) None of the above 


Uniform constant retarding force is applied in order to 
stop a truck. If its speed is doubled then the distance 
travelled by it will be 
(a) four times 

(c) half 


(b) double 
(d) same 


The kinetic energy of a man is half the kinetic energy 
of a boy of half of his mass. If the man increases his 


43. 


44. 


45. 


46. 


47. 
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speed by 1 m/s then his kinetic energy becomes equal 
to that of the boy. The ratio of the velocity of the boy 
and that of the man is 


(a) (b) 


(b) (d) 


AJU =N 
wie N|= 


In the above question the initial velocity of the man 
will be 

(a) 3.571 m/s 
(c) 5.718 m/s 


(b) 2.415 m/s 
(d) 4.127 m/s 


Two elastic bodies P and Q having equal masses are 
moving along the same line with velocities of 16 m/s 
and 10 m/s respectively. Their velocities after the elastic 
collision will be in m/s 
(a) 0 and 25 

(c) 10 and 16 


(b) 5 and 20 
(d) 20 and 5 


A ship of mass 3 x 10’ kg is initially at rest. It is being 
pulled by a force of 5 x 10* N through a distance 3m. 
If the air resistance is negligible, then the speed of the 
ship will be 
(a5 m/s 

(c) 60 m/s 


(b) 1.5 m/s 
(d) 0.1 m/s 


A particle moves in a potential region given by 
U = 8x? — 4x + 400 Joule. Its state of equilibrium 
will be 

(a) x=25m 
(c) x=0.025 m 


(b) x= 0.25 m 
(d) x=2.5 m 


The graph between JE, and 1/p is (E,= kinetic energy 
and p = momentum) 
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L/D —j> 


(c) (d) 


The graph between U and X in the state of stable 
equilibrium will be 
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U U 
(a) X (b) A 
(c) X (d) X 
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50. 


51. 


Two masses m, = 2 kg and m, = 5 kg are moving on a 
directionless surface with velocities 10m/s and 3 m/s 


respectively m, is ahead of m,. An ideal spring of spring 
constant k = 1120 N/m is attached on the back side of 
m,. The maximum compression of the spring will be, 
if on collision the two bodies stick together 


(a) 0.51 m 
(c) 0.25 m 


(b) 0.062 m 
(d) 0.72 m 


A ball with velocity 9m/s collides with another similar 
stationary ball. After the collision the two balls move 
in directions making an angle of 30° with the initial 
direction. The ratio of the speeds of balls after the 
collision will be 


(a) ai OG) si 
V3 Vy 

(c) “<1 (d) —-=0 
V3 Vy 


The linear momentum of a body is increased by 50%. 
Its kinetic energy will increase by 


D2. 
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(b) 125% 
(d) 50% 


(a) 150% 
(c) 100% 


Two unequal masses are tied together with a compressed 
spring. When the cord is burnt with a match stick 
releasing the spring; the two masses fly apart with equal 
(b) acceleration 

(d) speed 


(a) momentum 
(c) kinetic energy 


A particle at rest suddenly disintegrates into two 
particles of equal masses which start moving. The two 
fragments will 

(a) move opposite with unequal speeds. 

(b) move in any direction with any speed. 

(c) move in same direction with equal speeds. 

(d) move opposite with equal speed. 


Two masses of | g and 4 g are moving with kinetic 
energy in the ratio 4: 1. What is the ratio of their 
linear mementum? 
(a) 6:1 
(c) 1:2 


(b) 4:1 
(d) 1:1 


On a stationary sail boat air is blown from a fan 
attached to the boat. The boat 

(a) moves in opposite direction in which air is blows. 
(b) does not move. 

(c) move in same direction in which air blows. 

(d) spins around. 


The spacecraft of mass M moving with a velocity v in 
free space explodes and breaks up into two pieces. If 
after explosion a piece of mass m comes to rest, the 
other piece of spacecraft will have a velocity 


Mv Mv 
= b ——— 
(a) M -m (b) (M +m) 
(c) mVI(M - m) (a 
(M +m) 


A shell explodes and many pieces fly off in different 
directions. The following is conserved 


(a) kinetic energy (b) momentum 
(c) both (d) none 


A light and a heavy body have equal momenta. Which 
one has greater kinetic enerty? 

(a) The heavy body (b) The light body 

(c) Both (d) None 


A bird on the floor of an air tight box which is being 
carried by a boy starts flying. The boy feels that the box 
is now 

(a) lighter 

(b) heavier 

(c) shows no change in weight 

(d) lighter in the beginning and then heavier 


A bullet weighing 50 gm leaves the gun with a 
velocity of 30 ms”. If the recoil speed imparted to the 
gun is lms“, the mass of the gun 

(a) 1.5kg (b) 15 kg 

(c) 20 kg (d) 30 kg 
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If the kinetic energy of a body becomes four times of 
its initial value, then the new momentum will be 

(a) double (b) 3 times 

(c) 4 times (d) unchanged 


A particle of mass m is moving in a horizontal circle 
of radius r with uniform speed v. When it moves from 
one point to a diametrically opposite point its 

(a) KE changes by mv’. 

(b) KE changes by (1/4) mv’. 

(c) momentum does not change. 

(d) momentum changes by 2 mv. 


A surface is hit elastically and normally by n balls per 
unit time. All the balls have the same mass m and move 
with the same velocity u. The force on the surface is 
(a) 1/2 mnu? (b) mnu? 

(c) 2 mnu? (d) 2 mnu 


A bomb of mass 9 kg explodes into two pieces of mass 
3 kg and 6 kg. The velocity of mass 3 kg is 16ms~’. The 
kinetic ennergy of mass 6 kg in joule is 

(a) 768 (b) 96 

(c) 384 (d) 192 


A body of mass m at rest explodes into three pieces, 
two of which of mass m/4 each are thrown off in 
perpendicular directions with velocity of 3 ms and 
4 ms" respectively. The third piece will be thrown off 
with a velocity of 
(a) 3 ms” 

(c) 2 ms! 


(b) 2.5 ms”! 
(d) 1.5 ms”! 


A body of mass | kg initially at rest explodes and 
breaks into three fregments of masses in the ratio 
1 : 1 : 3. The two pieces of equal mass fly off 
perpendicular to each other with a speed of 15 ms"! 
each. The speed of the heavier fregment is 

(a) 45 ms"! (b) 15ms” 

(c) 5 ms! (d) 5/2 ms"! 


A block of mass 2 m moving with constant velocity 


3y collides with another block of mass m which is at 
rest and stick to it. The velocity of the compound block 
after the collision is 


(a) v 


(c) 2y 


(b) 3¥/2 

(d) 3% 

When two bodies collide elestically then the quantity 
conserved is 


(b) mometum 
(d) none 


(a) kinetic energy 
(c) both 


Two balls each of mass 0.25 kg are moving towards 
each other in a straight line, one at 3 ms” and the other 
at 1 ms collide. The balls stick together after the 
collision. The magnitude of the final velocity of the 
combined mass is 
(a) 1/2 ms"! 

(c) 2 ms?! 


(b) 1 ms"! 
(d) 4 ms? 
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A bullet weighing 10 g and moving at 300 ms" strikes 
a 5 kg block of ice and drops dead. The ice block is 
sitting on frictionless level surface. The speed of the 
block, after the collision is 
(a) 60 ms" 
(c) 16 ms"! 


(b) 160 ms! 
(d) 6 ms” 


A body of mass m moving with a constant velocity v 
hits another body of the same mass moving with same 
velocity v but in the opposite direction, and sticks to it. 
The velocity of the compound body after collision is 
(a) zero (b) v 

(c) 2v (d) v/2 

A bullet of mass ‘a’ and velocity ‘b’ is fired into a large 


block of wood of mass ‘c’. The final velocity of the 
System is 


b b 
(a) —— Y — (ato) 
b 
(c) =~ (© = (a+b) 
a 


A mass m, moves with a great velocity. If it strikes 
another mass m, at rest in a head on collision it comes 
back along its path with a low speed after collision. 
Then 

(a) m >m, 

(b) -m= m, 

(c) m <m, 

(d) there is relation between m, and m, 


Two solid rubber balls A and B having masses 200 g and 
400 g respectively are moving in opposite directions 
with velocity of A equal to 0.3 ms™. After collision the 
two balls come to rest then the velocity of B is 

(a) -0.15 ms"! (b) 0.15 ms” 

(c) 1.5 ms"! (d) none of these 


A body of mass m moving with a constant velocity 
v hits another body of the same mass at rest and 
sticks to it. The velocity to the compound body after 
collision is 

(a) zero (b) v/2 

(c) v (d) 2v 


A body of mass 2 kg moving with a velocity of 
3 ms” collides head on with a body of mass 1 kg moving 
with a velocity of 4 ms“! in opposite direction. After 
collision the two bodies stick together and move with 
a common velocity 

(a) > ms" (b) 


3 =| 
— ms 
4 


l l 
c) — ms! d) —ms"! 
(c) F (d) A 


A steel ball moving with a velocity V collides with an 
identical ball originally at rest. The velocity of the first 
ball after the collision is 


(b) -y 


(d) zero 
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Two perfectly elastic particles A and B of equal masses 
travelling along the line joining them with velocity 
15 ms“ and 10 ms” respectively collide. Their velocities 
after the elastic collision will be (in ms~') respectively 
(a) 20 and 5 (b) 10 and 15 

(c) 5 and 20 (d) O and 25 


A neutron travelling with a velocity v and kinetic 
energy KE collides elastically head on with the nucleus 
of an atom of mass number A at rest. The fraction of 
total energy retained by the neutron is 


A 2 
b) | —— 
© (a) 
2 
A-I 
@ (45) 
A+l 
A massive ball moving with a speed v collides with a 
tiny ball having a very small mass then immediately 
after the impact, the second ball will move with a speed 
approximately equal to 
(a) 2 
(c) v 


A sphere of mass m moving with a constant 
velocity v hits another stationary sphere of the same 
mass. If e is the coefficient of restitution, then the ratio 
of the velocities of the two spheres after collision will be 


e+] 
e+] e-l 


A system consists of mass M and m. The centre of mass 
of the system is 

(a) nearer to m. 

(b) atthe position of large mass. 

(c) nearer to M. 

(d) in the middle. 


(b) v/2 
(d) 2v 


A man weighing 80 kg isstanding on a trolley weighing 
320 kg. The trolly is resting on frictionless horizontal 
rails. If the man starts walking on the trolley along 
the rails at a speed 1 ms” then after 4 second his 
displacement relative to the ground will be 

(a) 3.0 m (b) 3.2m 

(c) 4.8m (d) 5m 


Two skaters A and B of mass 50 kg and 70 kg 
respectively stand facing each other 6 m apart. They 
then pull on a rope stretched between them. How far 
has each moved when they meet? 

(a) A moves 3.5 mand B 2.5 m 

(b) Amoves2 mand B4 m 

(c) both have moved 3 m 

(d) both have moved 2.5 m 


Two carts on horizontal straight rails are pushed apart 
by an explosion of a powder charge Q placed between 
the carts. Suppose the coefficient of friction of the two 
are equal and 200 kg cart travels a distance of 36 m 
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and stops. The distance covered by the cart weighing 
300 kg is 
(a) 12m 
(c) 24m 


(b) 16m 
(d) 32m 


In case of explosion of a bomb which of the following 
does not change? 

(a) Chemical energy 
(c) Kinetic energy 


(b) Energy 
(d) Mechanical energy 


Which of the following is nonconservative force? 
(a) Electric force (b) Elastic force 
(c) Viscous force (d) Gravitational force 


A ball of mass m moving with velocity v collides 
elastically with wall and rebounds. The change in 
momentum of the ball will be 

(a) 4 mv (b) 2 mv 

(c) mv (d) zero 


A nucleus of mass number A originally at rest emits a 
particle with speed v. What will be the recoil speed of 
the daughter nucleus? 


v V 
(a) A-4 ©) A+4 
4y 4v 
d 
Q A-4 (8) A+4 


A ball is dropped from a height h. It rebounds 
from the ground a number of times. Given that the 
coefficient of restitution is e, to what height does it go 
after n™ rebounding? 
(a) hle" 
(c) he” 


(b) hle?” 
(d) he” 


A moving mass of 8 kg collides elastically with a 
stationary mass of 2 kg. If KE be the initial kinetic 
energy of the moving mass, the kinetic energy left with 
it after the collision will be 
(a) 0.08 KE 
(c) 0.64 KE 


(b) 0.36 KE 
(d) 0.80 KE 


In the elastic collision of heavy vehicle moving with 
a velocity 10 ms™'and a small stone at rest, the stone 
will fly away with a velocity equal to 

(a) 40 ms"! (b) 20 ms! 

(c) 10 ms" (d) 5 ms! 


A ball strikes against the floor and returns with double 
the velocity. In which type of collision is it possible? 
(a) Inelastic (b) Perfectly inelastic 

(c) Perfectly elastic (d) Not possible 


The physical quantiy which is conserved for all types 
of collision is 


(a) KE 
(c) P 


(b) M 
(d) L 
Three particles a, f and y of equal mass are moving with 


the same velocity v along the medians of an equilateral 
triangle. These particles collide at the centreoid G of a 
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triangle. After collision a becomes stationary, J retraces (c) 0.5 ms” and 0.3 ms"! 
its path with velocity v then the magnitude and direction (d) —0.3 ms” and 0.5 ms” 
of y will be 
(a) vand in the direction of p 98. A ball falls from a height of 5 m and strikes the roof 
(b) vand in the direction of y of a lift. If at the time of collision, lift is moving in the 
(c) v and opposite to £ upward direction with a velocity of 1 ms“. Then the 
(d) v and in the direction of a velocity with which the ball rebounds after collision 
will be 

96. A particle of mass m, and moving with velocity v, (a) 13 ms“ upwards (b) 12 ms” downwards 
collides head on with another stationary particle (c) 12 ms“ upwards (d) 11 ms” downwards 
of mass m, elastically. If after the collision their 
velocities are v, and v, then under the condition m, = 99. A particle of mass m strikes a wall with a velocity v 
m, their values will be making an angle @ with the wall and rebounds. The 
(a) v, =0, v, =0 (b) v =u, v, =U, change in momentum of the particle will be 
(c) v =0,v, =u, (d) v,=0, v =u, (a) —2mycosé (b) 0 

97. Two similar balls P and Q having velocities of (c) 2my (d) 2 mY sin 


0.5 ms"! and — 0.3 ms" respectively collide elastically. 
The velocities of P and Q after the collision will 100. A ray of energy 14.2-Me V is emitted from a Co 


respectively be nucleus. The recoilenergy of the Co nucleus is nearly 
(a) 0.3 ms ~! and 0.5 ms”! (a) 3x 107°J (b) 3x 10J 
(b) —0.5 ms” and 0.3 ms”! (c) 3x 10¥J (d) 3x 10"J 


Answers to Practice Exercise 3 


1. (b) 2. (c) 3. (a) 4. (a) 5. (d) 6. (c) 7. (a) 
8. (d) 9. (b) 10. (b) 11. (d) 12. (a) 13. (a) 14. (b) 
15. (b) 16. (c) 17. (b) 18. (d) 19. (a) 20. (c) 21. (b) 
22, (c) 23. (a) 24. (a) 25. (d) 26. (b) 27. (d) 28. (c) 
29. (a) 30. (b) 31. (a) 32. (a) 33. (c) 34. (o) 35. (d) 
36. (b) 37. (a) 38. (c) 39. (b) 40. (a) 41. (a) 42. (a) 
43. (b) 44. (c) 45. (d) 46. (b) 47. (c) 48. (a) 49. (c) 
50. (a) 51. (b) 52... (a) 53. (d) 54. (d) 55. (b) 56. (a) 
57. (b) 58. (b) 59. (c) 60. (a) 61. (a) 62. (d) 63. (d) 
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71. (a) 72. (a) 73, (6) 74. (a) 75. (b) 76. (a) 77. (d) 
78. (b) 79. (d) 80. (d) 81. (c) 82. (c) 83. (b) 84. (a) 
85. (c) 86. (b) 87. (o) 88. (b) 89. (c) 90. (d) 91. (b) 
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Rotational Motion 


CHAPTER HIGHLIGHTS 


Centre of mass of a two-particle system, Centre of mass of a rigid body; Basic concepts of rotational motion; 
moment of a force, torque, angular momentum, conservation of angular momentum and its applications: 


moment of inertia, radius of gyration. Values of moments of inertia for simple geometrical objects, parallel and 
perpendicular axes theorems and their applications. Rigid body rotation, equations of rotational motion. 


BRIEF REVIEW 


In Rotation Motion we consider pure rotation and 
rolling. Rolling is basically rotational motion + linear motion. 


Centre of Mass (COM) COM of a body is a point 
where the whole mass of the body may be assumed to be 
concentrated for dealing with its translatory motion. For a 
discrete system of particles, co-ordinates of COM may be 
determined 


mr +m, ttm, DMT 


2m 


as r = 
CoM” m,+m,+m,+...+m, 


or X = — T 
COM Xom, ? 


and 


If the mass is uniformly distributed then take a mass 
element dm at positive r as a point mass and replace the 
summation by integration, 1.e., 


1 1 
ron = —|rdm so that x... =— | xdm; 
COM m | COM m Í 


_ 1 
Ycom ~ — | yam etc. 


There may or may not be any mass present at the COM. 
It may be within or outside the body. 


For symmtrical bodies having uniform distribution of 
mass, it coincides with centre of symmetry or geometrical 
centre. 


If the COM of the parts of a system is known, combined 
COM may be obtained by treating mass of the parts 
concentrated at their respective centre of masses. 


If COM is the origin of a co-ordinate system the sum of 
moments of masses of the system about origin vanishes 
(= zero). 


COM and centre of gravity in uniform gravitational 
field coincide but may be different for varying gravitational 
fields. For example, COM of a mountain may not coincide 
with its centre of gravity. 


Motion of COM 


- MO Fy Ps 


velocity of COM is given by 


in a single direction. 


The velocity of particle in COM frame will be given 
by MVcom =m, vi +M, v 


— 


M Vcom = Pit Pat = Pi = Prot 


Note if Vcom = 0 then p, = 0, that is, in the frame 
of reference of COM, the momentum of the system is zero. 


[5.2 


For this reason, COM frame is sometime termed as zero 
momentum frame. 


duco = d P ios = F ` 
dt dt °x p 
equation of motion of COM. If F «= 0,4... = 0 and 


>“ com 
Voom = const. 


or M Aoom = | is the 


Momentof Inertia (MOI) Moment of inertia isa tensor. 
It plays the same role in rotational motion as mass in the 
linear motion. Moment of inertia J = Xm, r?. 

[= [ram if mass is uniformly distributed; J = M k? 
where M is total mass of the body and k is radius of gyration. 


Radius of Gyration (k) It is the root mean square 
perpendicular distance of the body from axis of rotation. 


Given below are MOI of the bodies about an axis passing 
through their COM (centre of mass) and perpendicular to the 
plane of the body. 


MOI of aRing/, =MR 


ring 


2 
MOI of a disc (solid) J, = 2i 
MOI of an annular disc (Fig. 5.1) 
M 2 2 
Annular disc = >. (R; 7 R; ) ° 


V 


Fig. 5.1 Annular disc 


M R? 
MOI of a solid cylinder Z —- 


cylinder E f 
MOI of a hollow cylinder = M R? (if shell type, i.e., 
extremely thin walls). 


= (R +R?) (Fig. 5.2). 


Fig. 5.2 Hollow cylinder 


2 
MOI of a spherical shell = 3 M R? 
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2 
MOI of a solid sphere = 5 M R? 


2 
MOI of a hollow sphere = 5 M (R? ni RÈ) 


2 


MI 
MOI of a rod (cylindrical) = 


Fig. 5.3 
T (Fig. 5.3) 
1 
Fig. 5.3 MOI of a rod 
2 2 
MOI of a rod (rectangular) = as 


MOI of a Lamina (rectangular) = = (P +b?) 


M 
MOI of a parallelopiped = T (P + b*) (Fig. 5.4) 


Fig. 5.4 Rectangular lamina 


MOI of an elliptical disc = = (a* + b’) (Fig. 5.5) 


Fig. 5.5 Elliptical disc 


3 
MOI of a cone (Right circular cone) aT R? 
(Fig. 5.6) 


Fig. 5.6 MOI of prism 
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MOI of a prism or equilateral triangle = 


MI? 
6 


MOI of a triangular lamina (about base) 


M b’ l 
= (see Fig. 5.7) 
6 
MOI of a triangular lamina about perpendicular 
M 2 
Lem 
á 6 


MOI of a triangular lamina about hypotenuse 


2 


mb’ p 
[= 6(p? +b?) . 


i Iw | 
p 

—— b — > l 
Fig. 5.7 MOI of a triangular lamina 


3 2 
MOI of a cone about XOX’ = 5 Ma +h" (Fig. 5.8) 


R 


Fig. 5.8 MOI of a cone 


2 


MOI of a rod about one end = [Fig. 5.9] 


3 


—_§|— |, — > 


Fig. 5.9 MOI of a rod 


Parallel axis theorem If MOI about an axis passing 
through COM of a body is known, the MOI of the body 


53) 


about an axis parallel to the axis passing through COM and 
at a distance x from it as illustrated in Fig. 5.10 is 


A= 


COM 


Fig. 5.10 Parallel axis theorem illustration 
I= loy + M x where [,,,, 18 the MOI about an axis 
passing through their COM. 


Perpendicular Axis Theorem It can be applied only 
to plane lamina bodies. If x- and y- axes chosen in the plane 
of the body and z-axis be perpendicular to this plane, these 
being mutually perpendicular, then 


I =I +I whereJ, and I are MOI about x-axis and 
y-axis respectively. | 


Fig. 5.11 Perpendicular axis theorem illustration 


d@ 
Angular velocity (instantaneous) œ = P 
, do d’@ 
Angular acceleration a = — = — 
dt dt 


Linear velocity v = rw ; tangential acceleration a, = ra 


l 
w=w tat; O=wt+- ať; o =w] +2a0 
2 


Torque (T) T =F x F =la 


IT |=> Force x perpendicular from the axis of rotation. 


- ab 
T= pr where L is angular momentum. 


Note: Torque is moment of a force about a point. Though 
dimensions of torque are same as that of energy but it 
is not energy. Its unit is N-m. Dimensional formula is 
[M L? T°]. 

If line of action of a force passes through its COM then 
such a force will not form torque. 
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Angular Momentum is moment of momentum (linear) 
about a point, i.e., L=7x p 


L =1@:|L|=> p x (perpendicular distance from 
axis of rotation). 
Note: If external torque is zero then angular momentum 1s 
conserved. 

Dimensional formula of L = [M L? T-']. Its unit is 
kg m° s~! and is same as that of Planck’s constant A. 


Angular Impulse J= f tar =AL=L,-L, 
Rotational kinetic energy =- Io’. 


Note if a body only rotates about a fixed axis then it 
posseses only rotational KE. If, however, a body rolls then 
it possesses both rotational KE and linear KE, i.e., Total KE 


j| Í 
= Rotational KE + Linear KE = J ILo? 7 mv? 


Work done W = 7 dé: Rotational Power P = T.O. 


Acceleration of a body rolling down an incline plane: In 
Fig. 5.12 


h 


7 | 


Fig. 5.12 Acceleration of a body rolling 
down an incline plane 


_ gsind — gsind 


2 
l+ : 5 ie 
MR R? 
2gh 
Velocity on reaching ground v= a .t = g? 
EE 
R 


Time taken to reach the ground t = 


For a system to be in rotational equilibrium È T = 0 
For a system to be in linear equilibrium È F = 0 
For total equilibrium (Rotational + Linear) 
> t=0,> F=0. 

Combined motion (Rotation + translation) 


Vi = 2rw N 
w 
ro 
0 
(b) 


Voott = 


Fig. 5.13 Velocities of different points of a wheel 
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ext 


T com 


ext 


: F 
dcom = and a = 
M 


Icom 


These equations together with initial conditions 


completely define the motion. T 
COM. 


ext 


com 1S external torque about 


D = 2 Voy = 2r@ [See Fig. 5.12 (a)] 


? Uj -T 


In Fig. 5.12 (b) in pure rolling v, =@ yr’ +x’. 
Pure rolling o0..,, = ro, the wheel completes | rotation 
and covers a distance = 2rr. 


bott 


Rolling with forward slipping If the wheel moves a 
distance > 2rr in one complete rotation then vooy > r@ and 
motion is termed as rolling with forward slipping. 


Rolling with backward slipping Ifthe wheel moves a 
distance < 2rr in one complete rotation then vooy < r@ and 
motion is known as rolling with backward slipping. 


Angular momentum ofa body in combined rotation and 
translation: 

L= Looy +M (T, x0, ) where M (7, xv,) is assumed 
to be the angular momentum as if mass is concentrated at 
COM and translating with o,. In an accelerating wheel force 
of friction acts in the direction of motion. So that frictional 
torque acts in a direction to oppose the accelerating torque. 


If the wheel is rolling with forward slipping then force 
of friction acts in a direction opposite to the motion of the 
wheel until pure rolling begins. 


w 


E 


f 


Fig. 5.14 Friction in accelerating wheel 


Table 5.1 Equivalence between rotational and 
translation motion 


Linear motion Rotational motion 


Displacement = x Angular displacement = @ 


Linear velocity v = — Angular velocit = — 
ear ve yv J gular ve yo p7 


, dv da 
Acceleration a = pA Angular acceleration a = = 


MOI =I 


Angular momentum L =/@ 


mass = m 
Linear momentum p = mv 


Force F = ma Torque t= 7 a 


Cond. 
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Linear motion Rotational motion 


Impulse Z= Í Fdt=Ap Rotational impulse J = Í t dt 


Work W= F.dx Work W= 7.d0 =AL 
l 
l = 
KE= P mv? Rotational KE = 7 Iw? 
Power P=F .bD Rotational Power =7 ..@ 


Three-dimensional rotation is understood from 
gyrostat. 


A spinning top shows 
(1) Spinning (ii) precession (iii) nutation or wobbling. 


Hipparchus in 135 BC found that due to precession 
of earth (Teesi = 27,725 yrs) a change in the direction 
of the line of equinoxes occurs and phenomenon 1s called 
precession of equinoxes. 


Short-Cuts and Points to Note 


2 


1. MOI ofa ring about a diameter = (about XY). 


MOI of a ring about the tangent TT’ parallel to 


9 


diameter XY is + MR? 


= y MR* (See Figure). 


1 
X l 


iy T 


2) 


~ 


2. MOI of the disc about one of the diameters = 
MOI of the disc about the tangent parallel to one of 
diameters => MR’ 


3. MOI of a ring about a tangent perpendicular to the 
plane of the ring = 2MR° (See Figure). 


10. 


ily 
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MOI of a disc about a tangent perpendicular to the 


> MR’ 
plane of the disc = MR™ + =n -2 MR? 


. MOI is a tensor. Its value may vary with the 


direction. However, they are added like scalars. 


. MOI of hollow bodies is higher than MOI of solid 


bodies. 


. Acceleration of bodies rolling down an inclined 


gsinð — gsin@ 
(Tie 


plane is a = 


la 


. If bodies of equal radius roll down an inclined plane 


then a sphere will reach first (take minimum time) 
and ring will reach the last (take maximum time. 


1 
Note, acceleration œ x . Hence, more the MOI lesser 


will be the acceleration or higher is the time to roll 
down. 

The minimum value of coefficient of friction 
required to roll down on incline plane is 


mh tano 
„£ MR 
I 


1+ - 
MR’ 


. While deciding about which axis MOI is maximum, 


consider >< m, ay The axis about which ©; m, r is 
large will have longer values of r for equal mass or 
heavier mass located farther. 


l 
. Rotational KE = z I œ? and total KE when a body 


2; 


l l 
is rolling is KE, = z Iw?’ + A mv’. 


x-component of the torque is 


A 


i j k 
i (F y-F z)= O y zi 
0 F, F, 


Similarly, other components can be written y 
component is — j (F x- Fz) and z component is 
É (Fx-F y) 
If mass of the pulley is M, thread is massless and 
pulley is smooth then 
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12. 


13. 
14. 


15. 


16. 


17. 


18. 


19, 


20. 


(m, —mM,)g = (m, —m,)g 


where 


a= 
m 

m +m, + m +m, +—> 
2 R 


I is MOI of the pulley and R its radius. 


The system is in rotational equilibrium if }}7 =0 
and it is also in linear equilibrium if XF = 0. 


Apply conservation of angular momentum if T «=Q. 


A body rolling with forward slipping has friction in 
a direction opposite to its motion untill pure rolling 
begins. v,,,, decreases and œ increases. 


A body rolling with backward slipping has friction 
in the direction of motion so as to increase Vooy until 
Vooy = ræ. That is Vooy increases and œ decreases. 
When a body is accelerating with angular acceleration 
a, 1.e., torque is applied then friction acts in the 
direction of motion as shown in the Figure so that 


frictional torque opposes the accelerating torque. 


In pure rolling v.,,, = r@. Note, if a body is to roll 
down an incline plane then the incline must be 
rough. On smooth incline rolling cannot occur. 


Though torque has dimensions of energy. It is not 
energy. Unit is N—m. 


L L| dt 


when @, increases body is about to fall. 


Velocity of precession œ „= y MS f T= 5 


Angular speed w of a gyrostatic pendulum and time 


period T= 2m7 noose and, o =,| 7 ; 
\ g Icos@ 


Rotational Motion 


21. If two rotating bodies having MOI J, and Z, moving 


with speeds w, and œ, join, then common angular 


[@,+1,0, 
velocity @ = —_———__ 
L+. 
RACA -0,) 
loss in KE = XI +1,) 
Caution 


1. Adding MOI like vectors or taking its components 
while finding MOI of a composite body. 


= MOLT is a tensor. It is added like scalar. 


2. Considering acceleration of a body rolling down an 
incline as g sin 0. 


gsin@ 


3. Assuming in rotational motion v=u+at, 


1 
s=ut N a t? etc can be applied. 


1 

=> Apply w =w, tat, oa eer at’, 

w’ =w; +2a0 

if there is pure rotation. If there is rolling apply both. 

For linear motion of COM apply Vcom = Ucom + com 
t and so on. During rolling i.e., combined motion 
both œ = œw, +a t etc. and Voom = Ugoy + 4coy fare 
applied. To combine 


a = ra or v = rw when pure rolling begins. 
4. Considering frictional force stops rotation/rolling. 


=> Rotational motion is stopped by frictional torque is 
not always true. If the body is rolling with forward 
slipping, friction acts in a direction to increase the 
rotational velocity or angular velocity. 


Consider the case of a bicycle. The back wheel is 
paddled. The front wheel moves due to friction. 


5. Considering solid bodies rotate more. 


= Hollow bodies have large MOI. They rotate more. 
This is the reason that all wheels are either made 
hollow or mass is concentrated at the rim. 


6. Considering that a sphere can roll on a smooth 
inclined plane. 


=> Minimum amount of coefficient of friction required 


2 
is r tan 0, 0 being angle of inclination. 


7. Considering v = ræ in all cases of rolling. 


=> v= ro if there is pure rolling, i.e., rolling without 
slipping. In case of rolling with forward slipping 
v > re and in case of rolling with backward slipping 
D<rO. 
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1. 


8. When pulley is smooth but has mass, string 


is massless, considering mass of the pulley is 
redundant. 


= acceleration of blocks [see Figure] 


PRACTICE EXERCISE 1 
(SOLVED) 


Consider a system of two identical particles. One of 
the particles is at rest and the other has an acceleration 
> 


a. The centre of mass has an acceleration 


(a) zero (b) =a 
(c) 4 (d) 2a 


A body falling vertically downwards under gravity 

breaks in two parts of unequal masses. The centre of 

mass of the two parts taken together shifts horizontally 

towards 

(a) heavier piece 

(b) lighter piece 

(c) does not shift horizontally 

(d) depends on the vertical velocity at the time of 
breaking 


A body at rest breaks in two pieces of equal masses. 
The parts will move 

(a) in same direction 

(b) u along different lines 

(c) in opposite directions with equal speeds 

(d) in opposite directions with unequal speeds. 


If I, is the moment of inertia of a thin rod about an 
axis perpendicular to its length and passing through 
its centre of mass and I, is the moment of inertia of 
the ring about an axis passing through its centre and 
perpendicular to its plane formed by bending this rod 
to the ring shape. Then 
(a) IL :L=1:1 

(c) L:L=a:4 


(b) I,:1,=22:3 
(d) 1,:1=3:5 


57] 


(m, —m,)g 
a =>——*_— ~ where m, is mass of the 


Mm, +m + 


pulley. If MOI of the pulley is given then a = 


(m, =m, )g 


I 
m, +m on 


where J is MOI of the pulley. 


9. Assuming perpendicular axis theorem (to find MOT) 


can be applied to any body. 


= Perpendicular axis theorem can be applied only to 


plane lamina. Parallel axis theorem 1s valid for all 
types of bodies. 


10. Confused, what to do in rotational collision? 


= Conserve angular momentum. 


Find the moment of inertia of a pair of spheres each 
having a mass m and radius r kept in contact about a 
tangent passing through the point of contact. 


14 7 
a) — mr? b) —mr? 
(a) 5 (b) 5 

5 10 
c) —mr? d) — mr? 
(c) 5 (d) 3 


A uniform rod of mass m and length à makes a constant 
angle q with an axis of rotation, which passes through 
one end of the rod. Its moment of inertia about the axis 
will be 


2 2 

(a) ʻ w ad 
2 2 

(c) mi sin? 0 (d) mos 0 


A wheel rotates at 500 rpm on a shaft of negligible 
inertia (M.I.). A second identical wheel initially at rest 
is suddenly coupled to the same shaft. The angular 
speed of the resultant combination of the shaft and two 
wheels is 

(a) 100 rpm 
(c) 200 rpm 


(b) 150 rpm 
(d) 250 rpm 


A wheel rolls without slipping along a horizontal line 
in the vertical plane. If u be the velocity of its centre 
and PQ any diameter. Find the velocity of P relative to 
Q in magnitude and direction. 

(a) u along PT where PT is tangent at P 

(b) 2u along PT perpendicular to PQ 

(c) u along PT perpendicular to PQ 

(d) along PT perpendicular to PQ 
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9. 


10. 


11. 


12; 


13. 


14. 


A uniform metre stick of mass m is pivoted about a 
horizontal axis through its lower end O. Initially it 1s 
held vertical and is allowed to fall freely down. What 
is its angular velocity at the instant when it makes 60° 
with vertical? 


E 
o js 


(c) 38 (d) 


E 
nË 


2g 
2l l 


A solid cylinder rolls without slipping down a 30° 
slope. Find the minimum coefficient of friction needed 
to prevent slipping. 
(a) 0.15 

(c) 0.192 


(b) 0.18 
(d) 0.2 


A string is wrapped over the edge of a uniform disc 
and its free end is fixed to the ceiling, The disc moves 
down unwinding the string with an acceleration 
equal to 


2 
— b 
(a) 38 (b) z8 


vje MW| NY 


2 
(c) 78 (d) 


There are two spheres of the same size, shape, mass, 
appearance, etc. But one is hollow while the other is 
solid. They are allowed to roll down on an inclined 
plane: 

(a) Solid sphere reaches the bottom of the plane first 
(b) Hollow sphere reaches the bottom of the plane first 
(c) Both reach the bottom at the same time 

(d) Data is in sufficient to decide 


A hoop of radius 3 m weighs 160 kg. It rolls on a 
horizontal surface so that its centre of mass has a speed 
25 cm/s. How much work should be done to stop it? 
(a) 10J (b) SJ 

(c) 2.5 J (d) 3.375 J 


What force F must act tangentially at the highest point 
of a sphere of mass m kept on a rough horizontal 
plane so that it rolls without slipping and moves with 
acceleration a? 


7 7 

(a) 10 ma (b) a 
5 10 

(c) a (d) q ma 


15. 


16. 


17. 


18. 


19. 


20. 


2l: 


22: 


Rotational Motion 


A body is rolling down an inclined plane. If the kinetic 
energy due to rotation is 40% of kinetic energy due to 
translation, the body is 
(a) aring 

(c) hollow sphere 


(b) a cylinder 
(d) solid sphere 


Two rods each of mass m and length l are joined at right 
angle as shown in figure. The moment of inertia about 
an axis shown in figure is 


„axis 


ml’ 2ml’ 
(a) 3 (b) —— 
2 
(c) ~ (d) none of these 


A particle of mass m is rotating by a massless string in a 
vertical circle. The difference in the tensions at the bottom 
and when the string becomes horizontal would be 

(a) 6 mg (b) 3 mg 

(c) 4mg (d) 2 mg 


A solid sphere of mass 2 kg rolls on a smooth horizontal 
surface with speed 10 m/s. It then rolls up a rough 
inclined plane of inclination 30° with the horizontal. 
The vertical height attained by the sphere before it stops 
is (g = 10 m/s?) 
(a) 10m 

(c) 7m 


(b) 8m 
(d) 5m 


A solid sphere rolls without slipping on an inclined 
plane of inclination 6. What should be the minimum 
coefficient of friction, so that the sphere rolls down 
without slipping? 


(a) =tand (b) “tan 


(c) > tano (d) tan 8 

A particle of mass m is projected with a velocity 
u making an angle of 45° with the horizontal. The 
magnitude of the angular momentum of the particle 
about the point of projection when the particle is at its 
maximum height is 
(a) zero 


(c) mu? IN2g 


A constant torque acting on a uniform circular wheel 
changes its angular momentum from A, to 4A, in 4 sec; 
the magnitude of this torque is 

(a) 4A, (b) A, 

(c) 3A,/4 (d) 12A, 


(b) mu? /4/2¢ 
(d) none of these 


If solid sphere, disc and ring of same mass and same 
radius are allowed to roll down an inclined plane from 
the same height starting from rest. 
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23. 


24. 


25. 


26. 


27. 


(a) ring will reach bottom first 28. 


(b) disc will reach bottom first 
(c) sphere will reach bottom first 
(d) all will reach bottom at the same time 


The moment of inertia of a solid sphere of density p 
and radius R about its diameter is 


105. 105 _, 
Bar: H- R 

a ig D ig 
176 176 _, 
me DR 

() 705 SETT 


A cubical block of side a is moving with velocity v on 
a horizontal smooth plane as shown in figure. It hits a 
ridge at point O. The angular speed of the block after 
it hits O is 


M V 29, 


O 


4 


> (b) =» 


(a) 4a 2a 


v3¥ 30. 


c d) zero 
© a (a) 
A heavy disc is given a translation velocity v, and kept 
on a rough horizontal surface. The translation velocity 
of the disc when pure rolling starts is 


(a) 2 o) 2e 
2 3 
3v9 SV, 31. 


A disc rolls without slipping on a horizontal surface 
with constant angular velocity œ. P and Q are two points 
such that their distance from center C is same. If Vo 


V and V, are the respective magnitude of velocities of 32. 


C, Q and P then 


——~ 


(a) V< Ve? Vo 
(c) V> Vo> V} 


(b) Vo < Ve< Vp 


1 
(d) Vo= Ve V= 5Ve 


The radius of gyration of a disc of radius R and mass 
m about a line from its center and perpendicular to the 
plane will be 


(a) RV2 (b) 


(c) 2R (d) 


aa Aa 


= 


The figure represents a disc of mass M and radius R, 
lying in x-y plane with its center on x-axis at a distance 
‘b’ from the origin. The moment of inertia of the disc 
about y-axis 1s 


y 


+ b —> 
R. > Rè , 


R? R? 


A thin circular ring of mass M and radius R is rotating 
about its axis with a constant angular speed œ. Two 
objects each of mass m are attached gently to the ring. 
The ring now rotates with an angular velocity 
(a) @M/(M + m) (b) w(M—2m)/(M + 2m) 
(c) @M/(M + 2m) (d) wo(M+2m)/M 


Two racing cars of masses m, and m, are moving in 
circles of radii r, and r, respectively. Their speeds are 
such that they each make a complete circle in the same 
length of time t. The ratio of the angular speed of the 
first to the second car is 
(a) m,:m, 

(c) 1:1 

Two bodies with moment of inertia J, and Z, and 
(7 ,>l ) have equal angular momenta. If kinetic energy. 
of rotation are E, and E,, then 

(a) E <E, (b) E >E, 

(c) E =E, (d) E, 2E, 


(b) rir, 
(d) m r :m,r, 


A uniform rod of length / is free to rotate in a vertical 
plane about a fixed horizontal axis through B. The rod 
begins rotating from rest from its unstable equilibrium 
position. When it has turned through an angle 0, its 
angular velocity œ is given as 
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33. 


34. 


35. 


36. 


37. 


38. 


A particle performs uniform circular motion with an 
angular momentum L. If the frequency of particles 
motion is doubled and its kinetic energy is halved the 
angular momentum becomes 

(a) 2L (b) 4L 

(c) L/2 (d) L/4 


A uniform wire of length | and mass m is bent in the 
form of a rectangle ABCD with AB = 2BC. The moment 
of inertia of this frame about BC is 


11 8 
Eaa. b) m? 

a zz” D 503” 
5 2 7 2 
ae ay m 

i aa aa 


Consider a body, shown in figure, consisting of two 
identical balls, each of mass M connected by a light 
rigid rod. If an impulse J = MV is imparted to the body 
at one of its ends, what would be its angular velocity? 


M e——————* M 


ET 
(a) V/L (b) 2V/L 
(c) V/3L (d) V/4L 


A circular plate of diameter d is kept in contact with a 
square plate of edge d as shown in figure. The density 
of the material and the thickness are same everywhere. 
The centre of mass of the composite system will be 


Le. GL. 
a a 


(a) inside the circular plate 
(b) inside the square plate 
(c) at the point of contact 
(d) outside the system 


—> 
A nucleus moving with a velocity vi emits an a 
particle. Let the velocities of n a particle and the 


remaining nucleus be vi and v, and their masses be 
m, and m,. 


> > > 
(a) v,vı and v, must be parallel to each other, 


(b) None of the two of v, i and v, and should be 
parallel to each other. 


> > > 

(c) vi+v, must be parallel to v 
> > > 
(d) m v +m,v, must be parallel to v 


A cannon shell is fired to hit a target at a horizontal 
distance R. However it breaks into two equal parts at 
its highest point. One part returns to the cannon. The 
other part 


39. 


40. 


41. 


42. 


Rotational Motion 


(a) will fall at a distance R beyond target 
(b) will fall at a distance 3R beyond target 
(c) will hit the target 

(d) will fall at a distance 2R beyond target 


A uniform sphere is placed on a smooth horizontal 
surface and a horizontal force F is applied on it at a 
distance h above the surface. The acceleration of the 
centre 

(a) is maximum when h = 0 

(b) is maximum when A4 = R 

(c) is maximum when A = 2R 

(d) is independent of h 


Internal forces can change 

(a) the linear momentum but not the kinetic energy 
(b) the kinetic energy but not the linear momentum 
(c) linear momentum as well as kinetic energy 

(d) neither the linear momentum non the kinetic energy 


A disc of mass mand radius R moves in the plane of 
paper as shown in the figure. The center of mass moves 
along the x-axis with a velocity v = 3w~R where œ is 
the angular velocity about the center of the disc, then 
the ordinate of the instantaneous center of rotation is 
given by 


(a) +3R 
(c) +R 


(b) —3R 
(d) -R 


The plank in the figure moves a distance 100 mm to the 
right while the center of mass of the sphere of radius 
150 mm moves a distance 75 mm to the left. The angular 
displacement of the sphere (in radian) is (there is no 
slipping anywhere) 


rough 
1 7 
kas b — 
(a) : (b) 6 
l 
(c) 1 YS 
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43. 


44. 


45. 


A rod of length L leans by its upper end against a smooth 
vertical wall while its other end is on a smooth floor. 
The end that leans against the wall moves uniformly 
downward. Select the correct alternative 


y 


O X 


(a) The speed of lower end increases at a constant rate 

(b) The speed of the lower end gets smaller and 
smaller and vanishes when the upper end touches 
the ground 

(c) The speed of the lower end decreases but never 
becomes zero 

(d) none of these 


The moment of inertia of a triangular plate ABC of mass 
M and side BC = a, about an axis passing through A and 
perpendicular to the plane of the plate is 


Ma’ 3Ma? 
(a) ; (b) i 

Ma’ Ma’ 
(c) 6 (d) $ 


A lamina of mass M is in shape of a quarter of circle 
of radius R as shown in figure. The moment of inertia 
of this lamina about axis AB is 


a! 
B! 
MR? MR? 
b 
(a) 7 (b) 7 
(c) = (d) MR? 


46. 


47. 


48. 


49. 


50. 
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A uniform rod of mass m is bent in the form of a 
semicircle of radius R. The moment of inertia of the 
rod about an axis passing through A and perpendicular 
to the plane of the paper is 


É S 


R 
2 » 
(a) aos (b) mR? 
ð p2 
(c) —mR (d) 2mR? 
T 


A uniform disc of radius R lies in x-y plane with its 
center at origin. Its moment of inertia about z-axis 1s 
equal to its moment of inertia about line y= x + c. The 
value of c is 


(a) rs b) -R/2 
(c) 4R/4 (d) -R 


Asmooth'rod of length A is kept inside a trolley at an 
angle @ as shown in the figure. What should be the 
acceleration a of the trolley so that the rod remains in 
equilibrium with respect to it? 


OP LL BALE EEL ELLE RELL EES HE Ra 


(a) gtan@ 
(b) gcos@ 
(c) gsin@ 
(d) gcot@ 


A solid sphere and a solid cylinder of same mass and 
radius are rolled down two inclined planes of heights 
h, and h, respectively. If at the bottom of the plane 
the two objects have same velocities, then the ratio 
of h: h, is 
(a) 2:3 

(c) 14:15 


(b) 7:5 
(d) 15:14 


The ratio of the time taken by the solid sphere and that 
taken by a disc of the same mass and radius to roll 
down an inclined plane from rest, from the same 


height is 
(a) 15:14 (b) 15:14 
(c) 14:15 (d) 14:15 
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Answers to Practice Exercise 1 


1. (b) 2. (c) 3. (c) 4. (b) 
8. (b) 9. (c) 10 (c) 11. (a) 
15. (d) 16. (a) 17. (b) 18. (c) 
22. (c) 23 (c) 24. (a) 25. (b) 
29. (c) 30. (c) 31. (a) 32. (a) 
36. (b) 37. (d) 38. (a) 39. (d) 
43. (b) 44. (c) 45. (b) 46. (d) 
50. (d) 
EXPLANATIONS 
ma a 
1. (b) a., T 


2. (c) There is no external force acting in x-direction 


3. (c) From conservation of momentum 


Me? 


4. (b)  =—— L = Mr’ 
12 
i 
ee aa => L=2ar 
11. 
L m? 
r=— I: L =— 
20 3 
7 2 1 2 
5. (a) J=1,+1, ==mr’ x2=—mr 
5 5 
m(£sin0) l sin’ 0 
6. (c) I __m(ésin Oy _ me sing 
3 3 
7. (d) From conservation of angular momentum 
8. (b) Voo = (@R-(-OR)) ng oa) N 
Vig =2WR=2u along PT 
12. 
13. 
14. 
L 1 L 1 |? 3 
9. (c) Ls R ee w, O= mace 
2 2 2 2 2l 
10. (c) mg sin ĝ-f= ma, 
2 
ma Son a eo 15. 


2 R “om 
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5. (a) 6. (o) 7. (d) 
12. (a) 13. (a) 14. (a) 
19. (b) 20. (b) 24. (c) 
26. (o) 27. (d) 28. (b) 
33. (d) 34. (d) 35. (a) 
40. (b) 41. (a) 42. (b) 
47. (a) 48. (d) 49. (0) 
_ mgsinð tan 0 


as f 


<pmgcos? => i 


2 
mR a 


(a) mg - T = ma „T.R. = 


gsinð 
(a) a= I ? siasii” a 
1+ 


hollow 


2 
mr 


1 1 
(a) Work done = change in K.E. = amv + iw =10J 
(a) F+F =ma,,, 


F (2r) =r? ĉe => F =— ma 
5 r 
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16. (I, =), +h, 
3 1? 
4m—+4m— |=2]; 
12 4 
Ina go 
A 
ne 26. 
2 n2 
a = dy 2/. 
r- ml? 28. 
3 
17. (b) AT =3 mg 
T ; 29. 
18. (c) =MR? | — |+—Mv? = MgH 
29 R >) 
l 2 l 2 
> —Mv'+—Mv = MgH 
5 2 
=> H=1m 
19. (b) umg cos OR = I.a 
mg sin 0 — umg cos @ = ma., 30. 
2 
= —tan 0 
j 7 
20. (b) Angular momentum = mvh 31. 
= a m 
i 4g 2g 
AL ee A E 
21. (Q) As — = T , T = ——— = — 
(c) At 4 4°° 
22. (c) 
2 24 
23. (©) I =MR? =——aR’ pR? 
(c) 5 Pee a 
_ 8 22 p> = 1/6 ps 
15 7 105 
24. (a) Conservation of angular momentum about O. 
a Mva 
Mv— = IRENE = p 
2 2I 
Ma? Ma’ 3v 
I = + 3 = — 
6 2 4a 
25. (b) y- ugt=vy n a) 33. 
2 
umgR = mi E (2) 
OEA: qq — iiiieciaauce (3) 


5.13 
When pure rolling start v = œR 


On solving y = cad 
3 


Vo 
mg 


(c) In figure OQ > OC > OP, Vie Ver Ve 


(d) 
(b) Using parallel axis theorem 
MR’ 
I =I, + Mb= Nt Mb’ 
(c) w, = w, I = MR’, w, = ?, L = (MR? + 2mR’) 
From the principle of conservation of angular 
momentum, we have 


Iw, = Lw, 
Mo 
0,=———_——— 
(M +2m) 


20 
(c) w =—., here t is same for both cars 
t 


Hence w, =a, 


l l 
(a) Here, E, = zh and E, = ze 


E _ ho 


E, g Io; 


s (1) 
Give that, Zœ, = Lo, 
assa (1i) 


I 
a 
I 


1 


i 2 2_ 72,2 
Squaring Jw; = 5w, 


From equation (i) and (i1), we get E 
2 


EB, <E, 


32. By conservation of energy 


2 
{2 Jor = me (1 -cos 0) 


w = ($£ sino, 2 


(d) Angular momentum, L = mvr = mrř'æœ 
= mr° (2n) 


aa. (i) 
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34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


l P 42. 
(K.E), = z(mr” )(2zn,) 


= =(m r?)(20n) x4 (2. n= 2n,) 
43. 


(K.E) = (mr) (22 ) x8 .. (iii) 
comparing equation (ii) and (iii) 
r? = g 12 


2 
L rn 


(d) 
(a) Conservation of angular momentum. 


MVL = ML’o o=— 


45. 


y 
bo: 


(d) rom conservation of momentum 


m m 
(x0) #( xx) 
(a) From CM R = S24 S4 7 
m 


x=2R 


F 
(d) a,, =— = constant 
m 


(> 


(b) Internal forces can change the K.E. but not the 
momentum 


46. 


Vy 
(a) v-yw=0, . y=—=3R 
w 


47. 


Rotational Motion 


(b) Displacement of sphere with respect to plank 
=s5= 175 mm. 
v=Tro s=r0, EA LEA 
r 150 6 
= tan OV 


upperend 


(b) V, 


lowerend 


(c) Assuming triangular plate to be a part of square plate 
as shown 


the mass of square plate = 4 M 
the M.I. of square plate about an axes passing through 
(4M )a’° 
6 
using symmetry the M.I. of triangular plate about 
Ma’ 
6 


A perpendicular to its plane > J = 


A perpendicular to its plane = 7 


(b) Considering lamina to be a part of circular disc as 
shown 


A 


mass of disc = 4M 
The M.I. of the disc about the axis 


2 
Ap g- C) 


MR’ 
4 


the M.I of the lamina about AB = = 


(d) I = 2mR* + 2mR? = 4mR? 


I = m 2mR? 
2 
R 
MR? MR? MR? Mc’ 
(a) I about dia = i = pe , 
4 2 4 2 
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£ 4 
48. (d) mg A eama R a= gcot0 


h oh, h _ 14 
IL, . 1 = 1 15 

le LPS i 1+ i 
MR MR 2 


PRACTICE EXERCISE 2 
(SOLVED) 


1. The moment of inertia of a uniform semicircular disc 
of mass M and radius R about a line perpendicular to 
the plane of disc and passing through the centre is 


M R? 


2 2 
(a) (b) 5 MR 


MR 


(©) MR? (d) 


[AIEEE 2005] 


R? M R? 
Solution (d) 27=2M 5) or I = ~ 


2. A T shaped object with dimensions shown in figure, is 
lying on a smooth floor. A force F is-applied at point 
P parallel to AB such that the object has only 
translational motion without rotation. Find location 


of P from C 
A <— | —B 
P 
F— > 
2l 
G 
E o 34 
a — — 
3 2 
(c) a, (d) z 
a 
3 


[AIEEE 2005] 


5.15 
H l in 0 
50. ee S$ x2, 
sind 2 I, 
k 2 
Mr 


gsin? 0 Mr’ 2 
eed 
A 15 


Solution (c) P should be COM. Take C as origin. 


xs 2m(1)+m(21) _ 4l 
2m+m 3 


3. Acircular disc of radius Ry is cut from a circular disc 


of radius R and mass 9 M as shown. Then MOI of the 
remaining disc about O perpendicular to the disc is 


(a) 4MR° (b) 9 MR? 
T a 40 
(c) oo (d) 9 MR 


[IIT Screening 2005] 


2 2 2 
me [E] eua 
2 2 (3 3 

=4 MR’? 


9M RY 
mass of hole made = M = 7 R? A 3 


4. A sphere is rolling on a frictionless surface as shown 
in the figure with a translational velocity v ms“. If it is 
to climb the inclined surface then v should be 


Solution (a) I= 


(a) = Zs h (b) = J2gh 
(c) 2gh (d) = gh 
[AIEEE 2005] 
Solution (a) +— mv’ > mgh 
1 2 nr? 2 2> h 
or 335 w+ — mv“ > mg 


5. A horizontal platform is rotating with uniform 
angular velocity around the vertical axis passing 
through its centre. At some instant a viscous fluid 
of mass m is dropped at the centre and is allowed to 
spread out and finally fall. The angular velocity during 
this period 
(a) decreases continuously 
(b) decreases initially and increases again 
(c) remains unaltered 
(d) increases continuously 

[AIIMS 2005] 


Solution (b) Using conservation of angular momentum. 


6. A ladder is leaned against a smooth wall and allowed 
to slip on a frictionless floor. Which figure represents 
trace of its COM? 


LN 


diaa 
ney 


as 


[AIIMS 2005] 


Solution (a) 


7. The angular momentum of a rotating body changes 
from A, to 4 A, in 4 seconds. The Torque acting on the 
body is 


Rotational Motion 


(a) ŽA, (b) 4A, 
4 3 
(c) 3A, O 5 A 
[BHU PMT 2005] 
_dL_ 44-4 _ 34 
Solution (a) t= a A A 


8. A wooden log of mass M and length L is hinged by a 
frictionless nail at O. A bullet of mass m strikes with 
velocity v and sticks to it, find the angular velocity of 
the system immediately after collision. 


V m 
0 


(IIT Mains 2005] 


ML? : 
Solution im) =| ; +m w 


3mv 


or oOF= 
(M +3m)L 


9. Acylinder of mass m and radius R rolls down an incline 
plane of inclination @. Find the linear acceleration of 
the axis of the cylinder. 

(IIT Mains 2005] 


gsind _ 2 


Lh 9 3 
MR 2 

10. An electric motor exerts a constant torque 10 N-m ona 
grind stone mounted on a shaft. MOI of the grind stone 
about the shaft is 2 kg m°. If the system starts from rest 
find the work done in 8s. 
(a) 1600 J 
(c) 800 J 


Solution a= _gsin@ _ g sin 0 


(b) 1200 J 
(d) 600 J 


l 
Solution (a) a =- = = = 5 rad/s?. 


w = w, +a t= 5 (8) = 40 rad s' 


W= AKE=— I 


o*-Q= 5 x 2 x (40)? =1600 J 

11. The power output of an automobile engine is advertised 
to be 200 hp at 600 rpm. Find the corresponding torque 
(a) 137 Nm (b) 237 Nm 
(c) 337 Nm (d) 287 Nm 
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P 200x746 
Solution (b) t=— = — = 237 N—m. 
® 600x = 


12. Acable is wrapped several times around a uniform solid 
cylinder that can rotate about its axis. The cylinder has 
diameter 12 cm and mass 50 kg. The cable is pulled 
with a force 9 N. Assuming cable unwinds without 
stretching or slipping, find its acceleration 
(a) 0.3 ms? (b) 0.32 ms” 

(c) 0.36 ms? (d) 0.4 ms? 


F R 
Solution (c)r=Ja=F Rora= = 


2x9 
= 50x (.06) 
a, = R a = 0.06 x 6 = 0.36 ms? 


= 6 rad s7? 


13. A turbine fan in a jet engine has MOI 2.5 kg m? about 
its axis of rotation. Its angular velocity is 40 ¢?. Find 
the net torque at any instant. 

(a) 100% (b) 100 z? 
(c) 200f (d) 200 z? 


a I 2.5 x 40 t?) = 200 
Pe eer x 40 t*) = t 


Solution (¢) t= F? 


14. A fly wheel of mass 2 kg and radius 20 cm has an 
angular speed 50 rad s™' when a clutch plate of mass 
4 kg, radius having an angular speed 200 rad s™ is 
combined with it. Find the common speed of rotation. 
(a) 125 rads"! (b) 150 rad s~! 
(c) 175 rads"! (d) 100 rad s~! 


Lo +Loøo 
Solution (d) œ = — 
I +I 


l 2 


_ 2(.2)°(50) +4(.1)* (200) 
20.2)? #401 


12 " 
= 12 = 100 rad s 


15. A bicycle wheel has mass of the rim 1 kg and 50 spokes 
each of mass 5 g. If radius of the wheel is 40 cm then 
find the MOI of the wheel. 
(a) 0.160 kg m? 

(c) 0.18 kg m? 


(b) 0.174 kg m? 
(d) 0.196 kg m? 


2 


] 
Solution (b) Z= M R +50m = 


= 2 
= 1 (0.4) + 7 


50(5x10°) (24) 


i 0.25 
=0.16 “a = 0.174 Kgm? 


16. A 2 kg rock has velocity 12 ms” when at point P as 
shown in this Figure. Find the angular momentum 
about point D. 


5.17 


(a) 115.2 kg m? s7! 
(c) 135 kg m? s7! 


Solution (a) L= mv x perpendicular distance 


(b) 125.2 kg m° s”! 
(d) none 


3 
=2x12x$x 115.2 kg m’s" 


17. A beam of length / lies on the +x axis with its left end 
on the origin. A cable pulls the beam in y-direction with 


a force F = AC -ž) . If the axis is fixed at x = 0 then 


find the torque. 
= | 
F 
Fil 
(a) -F4 (b) —O 
Fl : 

(c) a (d) none of these 
! Fil 
Solution (b) Torque dr= | F x= 


18. A solid cylinder of mass M and radius 2R is connected 
to a string through a frictionless yoke and axle. The 
string runs over a disk shaped pulley of mass M and 
radius R. The mass M is attached to the other end of the 
string. The cylinder rolls without slipping on the table 
top. Find the acceleration of the block after the system 
is released from rest. 


(b) 


(d) 


& 
3 
& 
2 


Solution (c) 2ra., =ra,ora,= 2 a, 


2 


(T,-T,) R= = E or T,- T, =Ma (1) 
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Mg -T =Ma ....(2) 


r or) = MOR” 


Adding (1), (2) and (3) a = A 


19. A uniform disc of radius a has a hole of radius b at a 
distance c from the centre as shown. If the disc is free 
to rotate about a rod passing through the hole b, then 


find the MOI about the axis of rotation. 


2 
(c) um a? +b? + 
2 a — 
(d) none 


Solution (a) Let p be the mass per unit area. Then MOI 
2 
of the disc about O' I = T p a? (= +1 p a? (c’) 


b \ zapa 4 
-rbp (=| =F [a? + 2c] - ca 


= - [a? (a + 2c?) — b*] 


M M | a‘ =b* 
and p = alab ANA Fr 


eS. 2 
_ ca ab? + A s > 
=a a° —b 
20. Find the MOI of a uniform square plate of mass m and 
edge a about one of its diagonals. 


2a’ c? 
i a’ —b? 


Ma’ b Ma’ 
(a) 6 (b) 3 
Ma’ Ma’ 

d 
(c) ; (d) 7 


(a) or T, = Ma sala) 


Rotational Motion 


Solution (d) 7 =I +1 =1+}Ļ=21=21, 


I M Ma’ 
or J =] == ĮI =— (a+a’)= 
= E 12 6 
2 
fo 
12 


21. Two spheres each of mass M and radius R are in contact 
as shown. Find the MOI if they are rotated about the 
common tangent. 


(a) IMR (b) 
(c) = MR (d) 


2 14 
Solution (b)/= (2M R°+M re | x2= = M R. 


22. A boy of mass M stands on a platform of radius R 
capable to rotate freely about its axis. The moment of 
inertia of the platform is Z. The system is at rest. The 
friend of the boy throws a ball of mass m with a velocity 
v horizontally. The boy on the platform catches it. Find 
the angular velocity of the system in the process. 


(a) moR b) moR 
(M +m) R? I +MR? 
mo R R 
© ——,; ae 
I+mR I+(M +m)R 


Solution (d) mv R= |1 +(M +m)R? |w 
moR 


or w= ——_, 
1+(M+m)R 


23. A ball of steel rolls down an incline of inclination @. 


Find the ratio of rotational KE to linear KE. 


2 2 
(a) 7 (b) 3 
2 5 
(c) 5 (d) 7 
1, > 
Solution (c) 2° oa 
er 5 Mv’ 5 


24. The pulley shown in figure has MOI 0.5 kg m? and 


radius 10 cm. Assuming no friction anywhere, find the 
acceleration of 4 kg block 
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(a) 1.11 ms” (b) 0.75 ms? 
(c) 0.5 ms? (d) 0.25 ms” 
Solution (d) 4g cos45-T =4a (1) 
(T,-T,)R=lIa 
I 
or al aera a (2) 


T,—2gcos 45 =2a ... (3) Adding (1), (2) and (3) 


2 g cos 45 = 6a + a 


25. Aspherical shell of radius R is rolling down an incline 
of inclination 0 without slipping. Find minimum value 


of coefficient of friction. 


a) 
2 2 
a) — tan 0 b) — tan 0 
(a) 7 (b) i 
2 
(c) 3 tan 0 (d) none 
Solution (b) F.r=Ja 
2 
or umg cos 0 = a 
2 j 2 
umg cos0= — M Su =p =— tan @ 
: eee z? 
3 
l tano 
Shortcut y = —— = —tan 0 
lie 
MR 


26. A ball of radius r lies at the bottom of a vertical ring 
of radius R, find the minimum velocity to be given 
so that the ball completes the loop rolling without 


slipping. 


5.19 


27 
(b) [F eR- 
[Z eR- 


(a) y58(R-r) 


> Yaa r) 


Solution (c) + z MUn t > Iopu =m g 2 (R-— r) + 


l 
MV p F= 


2i: 


> I Oop 


2 
MV on +- 5 MV yor =4mg(R-r) + Mv, ore 5 MV p 


7 2 7 2 7 
Z Mv,,, = ME 1) +7 Mop =4mg (R-r)+ 5 


5 
mig (R-r)] 


[27 
Or On = aon r) 


The pulley shown in the figure has radius 20 cm 
and MOI 0.2 kg m’. Spring used has force constant 
50 N m”. The system is released from rest. Find the 
velocity of 1kg block when it has descended 10 cm. 


k = 50 Nm” 


(a) È ms"! (b) E ms"! 
2 2 


(c) L msi (d) none 


V3 


Solution (a) mgx = > kx? + K lw? + > mv? 


1 10 (.1) = 1) so +(2)(3] ner) 


=> 2=05+6 Dd’ 


l 1 
or v= — ms 
2 


28. Athin spherical shell lying on a rough horizontal surface 


is hit by a cue in such a way that line of action passes 


5.20 


through the centre of the shell. As a result shell starts 
moving with a linear speed v without any initial angular 
velocity. Find the linear velocity to the shell when it 
starts pure rolling. 


V 
F; 
3 
@) Žo (b) = 
4 
(c) P D (d) none of these 
Solution (a) v,=v-— t (1) 
Fr=la 
2 2 
or F,r= 3 mr a 
3 F; 
or a= —=— w=(0+at 
2 mr 
3 F; 
or —— 
me 2mr 
3F; 3 
= =< f ool 
Or ro =v, Om (2) 


3 
From Eq (1) and (2) v= 5 V. 


29. A uniform rod pivoted at upper end is released when it 
is making an angle of 60°. Find the radial force acting 
on a particle of mass dmat its tip when it makes an 
angle of 37° with the vertical. 


COM 


(a) 0.6 dmg 
(c) 0.9 dmg 


(b) 0.8 dm g 
(d) none of these 


l l 
Solution (c) ri Iw? = mg > (cos 37 — cos 60) 


Rotational Motion 


MI? 
or 3 w? = mg 1(.8—.5) 
mv’? 
= 0.9 mg 
l 
DV? 
or Fia 0.9 g 


vp 
F =dm——- = 0.9 (dm) g 


30. When a force 6 N is exerted at 30° to a wrench at a 
distance of 8 cm from a nut as shown in figure, it is just 
able to loosen it. What force F is required to loosen the 
nut if applied 16 cm away to the wrench and normal to 
the wrench. 


8cm 8cm 
k  —\rwwy!s e —— 


6N 
F’ 
(a) 3 N (b) V3 N 
(c) 1.5 (d) none 
Solution (c) 8 x 6 sin 30 =F x 16 
orF=15N 
31. Particles of mass 1 g, 2 g, 3 g,...., 100 g are kept at the 


marks | cm, 2 cm, 3 cm, .... 100 cm respectively on a 
metre scale. Find the MOI of the system of particles 
about a perpendicular bisector of the metre scale. 


Solution 0 g, 1002; 12,99 9;22,982¢;39,97g;.... are 
equally spaced from the axis of rotation. 


I= (100) [17+ 27 +.... + 507] 

=(.1 [12 +2? +05. + 507] x 10*kg m? 
50x51x101 
e x 


= 0.43 kg m? {use En = nereta, ; 


10+ 


50 


32. A spring wrapped on a wheel of MOI 0.2 kg m? and 
radius 10 cm over a light pulley to support a block of 
mass 2 kg as shown in the figure. Find the acceleration 
of the block. 
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(a) 0.89 ms? 
(c) 0.69 ms? 


O Doa 


(b) 1.12 ms” 
(d) none of these 


Solution (a) 2a = 2g -T (1) 


33. 


T.r=la 


I 
or T= — 
r’ 


0.2a 
a= 0D s (2) 


From equations (1) and (2) 


a= 72420) = 0.89 ms”? 

A uniform rod of length 6a and mass 8 m lies on a 
smooth horizontal table. Two point masses m and 2 m 
moving in the same horizontal plane with speeds 2 v 
and v strike the rod as shown in the the Figure. Find the 
velocity of centre of mass and angular velocity about 
COM. Also find KE just after collision. 


Solution Conserve momentum as external force is zero. 


~2mv +m 2v+0=(2m+m+ 8m) x Vv 


v' = 0 that is, velocity of COM is zero 


2m 


to 7 OI 
2a a 2a m a 
fev 


To =0 ‘. angular momentum is conserved 


2mva + m(2v) (2a) 


= ama +m(2a) Snag 


y 


or o=—. 
Sa 


KE after collision = z @ 


34. 


5.21 | 


A uniform ball of radius r rolls without slipping down 
from the top of a sphere of radius R. The angular 


velocity of the ball when it breakes from the sphere 
is .... Assume initial velocity negligible. 


2 
mv 


Solution (R+r) = mg cos 0; 


35. 


Solution N- mg = 


mgh = m rio 
2 2 


l l 
mg(R + r) (l1 — cos 8) = 5m Pm 


l 
= mg (1- cos 0) = mg COS 0 


f 


F- 


Se -AMM 


QR- Ja 


mv? = mg (R+r)(1—cos@) = = = coso 


or cos @= — 


A uniform rod of mass m and length / is hinged at its 
upper end. It is released from a horizontal position. 
When it becomes vertical, what force does it exert on 
the hinge? 


(a) = mg (b) 2mg 


(c) > mg (d) mg 


2 
mv 


...(1) 


m(Y40) 
⁄ 


N=mg+ 


9.22 


l. 


or = 3 mg (2) 


PRACTICE EXERCISE 3 
(UNSOLVED) 


A square plate lies in the xy plane with its centre at 
the origin and its edges parallel to the x and y axes. Its 
moments of inertia about the x, y and z axes are Ids 
and J respectively, and about a diagonal it is /,. 


l 


@ ea aed (b) L =1,=21 


(c) =I, (d) =Z 


Four identical rods, each of mass m and length /, are 
joined to form a rigid square frame. The frame lies 
in the xy plane, with its centre at the origin and the 
sides parallel to the x and y axes. Its moment of inertia 
about 


2 
(a) the x-axis is 3 ml? 


4 
(b) the z-axis is 3 ml? 
(c) an axis parallel to the z-axis and passing through 


10 
a corner is 3 ml? 
ea a 3 
(d) one side is a ml? 


P is the centre of mass of four point masses A, B, C and 

D, which are coplanar but not colinear. 

(a) P may or may not coincide with one of the point 
masses. 

(b) P must lie within the quadrilateral ABCD. 

(c) P must lie within or on the edge of at least one of 
the triangles formed by taking A, B, C and D three 
at a time. 

(d) P must lie on a line joining two of the points A, B, 
C, D. 


Rotational Motion 


When slightly different weights are placed on the two 

pans of a beam balance, the beam comes to rest at an 

angle with the horizontal. The beam is supported at a 

single point P by a pivot. 

(a) The net torque about P due to the two weights is 
nonzero at the equilibrium position. 

(b) The whole system does not continue to rotate about 
P because it has a large moment of inertia. 

(c) The centre of mass of the system lies below P. 

(d) The centre of mass of the system lies above P. 


Two men support a uniform horizontal beam at its 

two ends. If one of them suddenly lets go, the force 

exerted by the beam on the other man will 

(a) remain unaffected. 

(b) increase. 

(c) decrease. 

(d) become unequal to the force exerted by him on the 
beam. 


A sphere S rolls without slipping, moving with a 
constant speed on a plank P. The friction between the 
upper surface of P and the sphere 1s sufficient to prevent 
slipping, while the lower surface of P is smooth and 
rests on the ground. Initially, P 1s fixed to the ground 
by a pin N. If N is suddenly removed, 
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(a) S will begin to slip on P. 

(b) P will begin to move backwards. 

(c) the speed of S will decrease and its angular velocity 
will increase. 

(d) there will be no change in the motion of S and P 
will still be at rest. 


A wheel of radius r rolls without slipping with a speed v 
on a horizontal road. When it is at a point A on the 
road, a small blob of mud separates from the wheel at 
its highest point and lands at point B on the road. 


(a) AB=vJr/g 
(b) AB=2vr/g 
(c) AB=4v\r/g 


(d) If v > y4rg , the blob of mud will land on the 
wheel and not on the road. 


The density of arod gradually decreases from one end to 

the other. It is pivoted at an end so that it can move about 

a vertical axis through the pivot. A horizontal force F 

is applied on the free end in a direction perpendicular 

to the rod. The quantities, that do not depend on which 

end of the rod is pivoted, are 

(a) angular acceleration. 

(b) angular velocity when the rod completes one 
rotation. 

(c) angular momentum when the rod completes one 
rotation. 

(d) torque of the applied force. 


Two uniform solid spheres having unequal masses 

and unequal radii are released from rest from the same 

height on a rough incline. If the spheres roll without 

slipping, 

(a) the heavier sphere reaches the bottom first. 

(b) the bigger sphere reaches the bottom first. 

(c) the two spheres reach the bottom.together. 

(d) the information given isnot sufficient to tell which 
sphere will reach the bottom first. 


A hollow sphere and a solid sphere having same mass 

and same radii are rolled down a rough inclined plane. 

(a) The hollow sphere reaches the bottom first. 

(b) The solid sphere reaches the bottom with greater 
speed. 

(c) The solid sphere reaches the bottom with greater 
kinetic energy. 

(d) The two spheres will reach the bottom with same 
linear momentum. 

A sphere cannot roll on 

(a) a smooth horizontal surface. 

(b) a smooth inclined surface. 

(c) a rough horizontal surface. 

(d) a rough inclined surface. 


A sphere can roll on a surface inclined at an angle 8 if the 


2 
friction coefficient is more than 78 sin 8. Suppose the 


13. 


14, 


15. 


16. 


17. 


18. 


19. 
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l 
friction coefficient is 78 sin 8. If a sphere is released 


from rest on the inclined, 

(a) it will stay at rest. 

(b) it will make pure translational motion. 

(c) it will translate and rotate about the centre. 

(d) the angular momentum of the sphere about its 
centre will remain constant. 


The following figure shows a smooth inclined plane 
fixed in a car accelerating on a horizontal road. The angle 
of incline @ is related to the acceleration a of the car as 
a = g tan 0. If the sphere is set in pure rolling on the 
incline 


(a) it will continue pure rolling. 

(b). it will slip down the plane. 

(c) its linear velocity will increase. 
(d) its linear velocity will decrease. 


Torque per unit moment of inertia is equivalent to 
(a) angular velocity. (b) angular acceleration. 
(c) radius of gyration. (d) inertia. 


A circular disc starts slipping without rolling down an 
inclined plane then its velocity will be 


(a) gh (b) 2gh 
(c) [gh (d) J2gh 


A spherical shell first rolls and then slips down an 
inclined plane. The ratio of its acceleration in two cases 
will be 
(a) 5/3 
(c) 15/13 


(b) 3/5 
(d) 13/15 


The moment of inertia of a ring about its geometrical 
axis is J, then its moment of inertia about its diameter 
will be 
(a) 2I 
(c) I 


(b) 1/2 
(d) 1/4 


A car is moving with a speed of 72 kmh’. The radius 
of its wheel is 50 cm. If its wheels come to rest after 
20 rotations as a result of application of brakes, 
then the angular retardation produced in the car will 
be 

(a) 23.5 rads? 
(c) 6.35 rads? 


(b) 0.25 rads? 
(d) zero 


The unit of moment of inertia is 
(a) Joule/sec (b) Joule/second/radian 
(c) Joule/second?/radian” (d) Joule/radian 


| 5.24 


20. 


2i 


Les 


23, 


24. 


25. 


26. 


27. 


28. 


A solid cylinder of mass 0.1 kg and radius 0.025 metre 
is rolling on a horizontal smooth table with uniform 
velocity of 0.1 ms’. Its total energy will be 

(a) 7.5 x 10° Joule (b) 7.5 x 10°? Joule 

(c) 7.5 x 10“ Joule (d) 0.07 x 10+ Joule 


A ring is rolling on an inclined plane. The ratio of the 
linear and rotational kinetic energies will be 

(a) 2:1 (b) 1:2 

(c) 1:1 (d) 4:1 


The angular momentum and the moment of the inertia 
are respectively 

(a) 
(b) 
(c) 
(d) 


In an arrangement four particles, each of mass 
2 gm are situated at the coordinates point (3, 2, 0), 
(1,—1,0), (0, 0, 0) and (—1, 1, 0). The moment of inertia 
of this arrangement about the Z-axis will be 

(a) 8 units (b) 19 units 

(c) 43 units (d) 34 units 


vector and tensor quantities. 
scalar and vector quantities. 
scalar and scalar quantities. 

vector and vector quantities. 


The kinetic energy of rotation of a particle is 18 Joule. If 
the angular momentum vector coincides with the axis of 
rotation and the moment of inertia of the particle about 
this axis is 0.01 Kgm/’, then its angular momentum will 
be 

(a) 0.06 J-sec 
(c) 0.006 J-sec 


The relation between the linear velocity and angular 
velocity is 


(b) 0.6 J-sec 
(d) zero 


(a) @=rxyv (b) v=rxa 


(c) v=@xr (d @=vxr 

The moment of inertia of a body about a given axis of 
rotation depends upon 

(a) the distribution of mass. 

(b) distance of the body from the axis of rotation. 

(c) shape of the body. 

(d) all of the above. 


A rigid body is rotating about a vertical axis at n 
rotations per minute. If the axis slowly becomes 
horizontal in t seconds and the body keeps on rotating 
at n rotations per minute then the torque acting on the 
body will be, if the moment of inertia of the body about 
axis of rotation 1s I. 


2tnl 
a) Zero b) — 
(a) (b) 601 
2J/2rnl Arnl 

(c) (d) 
60t 60t 


A particle is revolving in a circle of radius r. Its 
displacement after completing half the revolution will be 


(a) mr (b) 2r 
r 

2 d) — 
(c) 2rr (d) 3 
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30. 


31. 


32; 


33. 


34. 


33. 
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The relation between angular momentum an angular 
velocity is 


@ Jaixo (b) J=őxF 
~ | D 
(c) J =— (d) J =I10 
@ 


Two metallic discs have same mass and same thickness 
but different densities. The moment of inertia about the 
geometrical axis will be more of the disc 

(a) with lower density. 

(b) with higher density. 

(c) M.I. of both the discs will be same. 

(d) nothing can be said. 


Minimum time period in a compound pendulum is 
obtained when 


(c) l=+#K 


(d) 1=0 


The moment of inertia of a diatomic molecule 
about an axis passing through its center of mass and 
perpendicular to the line joining the two atoms will be 
(u = Reduced mass of the system) 


ur? 
2 b 
(a) ur o © 
(c) 0 (d) ; ue 


Which of the following quantities is zero about the 
center of mass of a body? 
(a) Mass 

(c) Acceleration 


(b) Moment of mass 
(d) Angular acceleration 


Aring of mass 10 Kg and diameter 0.4 meter is rotating 
about its geometrical axis at 1200 rotations per minute. 
Its moment of inertia and angular momentum will be 
respectively 

(a) 0.4 Kg/m? and 50.28 Joule/sec 

(b) 50.28 Kg/m? and 0.4 Joule/sec 

(c) 0.4 Joule/sec and 50.28 Kg/m? 

(d) 0.4 Kg/m? and zero 


Two rotating bodies have same angular momentum 
but their moments of inertia are J, and I, respectively 
(I, > L). Which body will have higher kinetic energy 
of rotation? 

(a) First 

(b) Second 

(c) Both will have same kinetic energy 

(d) Not possible to predict 


A chain couples and rotates two wheels in a bicycle. 
The radii of bigger and smaller wheels are 0.5 m and 
0.1 respectively. The bigger wheel rotates at the rate 
of 200 rotations per minute, then the rate of rotation of 
smaller wheel will be 


(a) 1000 rpm a 


(b) 


(c) 200 rpm (d) 40 rpm 
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38. 


39. 


40. 


41. 


42. 


43. 


44, 


45. 


46. 


The moment of inertia of a fly-wheel is 4 Kg/m?. A 
torque of 10 Newton-meter is applied on it. The angular 
acceleration produced will be 

(a) 25 radians/sec? (b) 0.25 radians/sec? 

(c) 2.5 radian/sec? (d) zero 


The value of angular momentum of the earth rotating 
about its own axis 1S 

(a) 7x 10% Kg/m7/sec. (b) 7 x 10” Kg /m7/sec. 
(c) 0.7 x 10” Kg/m?/sec. (d) zero 


The work done in rotating a body from angle @, to angle 


0, will be 
(a) TEA (b) 7(0,- 4) 
(c) Zero (d) ca 


A girl sits near the edge of a rotating circular platform. 
If the girl moves from circumference towards the center 
of the platform then the angular velocity of the platform 
will 

(a) decrease 

(c) remain same 


(b) increase 
(d) becomes zero 


The moment of inertia of a hollow sphere of mass 
Kg and inner and outer diameters 0.2 and 0.4 meter 
respectively about its diametric axis will be 

(a) zero (b) 0.177 Kg/m? 

(c) 0.0177 Kg/m? (d) 177 Kg/m? 


A gramophone disc is rotating at 78 rotations per 
minute. Due to power cut, it comes to rest after 
30 second. The angular retardation of the disc will be 
(a) 0.27 radians/sec? (b) 0.127 radians/sec? 

(c) 12.7 radians/sec? (d) zero 


A long thread is wrapped round a reel. If one end of 
thread is held in hand and the reel is allowed to fall 
under gravity, then the acceleration of the reel will be 


3 
(a) g (b) fs 
(c) = 8 (d) zero 


The moment of inertia of a circular disc of mass 
200 gm and radius 5cm about a tangential axis normal 
to the plane of the disc will be 

(a) 750 g/cm? (b) 7500 g/cm? 

(c) 75 g/cm? (d) zero 


A rod with rectangular cross-section oscillates about a 
horizontal axis passing through one of its ends and it 
behaves like a seconds pendulum. Its length will be 
(a) 15m (b) lm 

(c) 3m (d) 2m 


The ratio of kinetic energies of two spheres rolling with 
equal center of mass velocities is 2: 1. If their radii are 
in the ratio 2: 1, then the ratio of their masses will be 
(a) 2:1 (b) 1:8 

(c) 1:7 (d) 2/2: 1 


47. 


48. 


49. 


50. 


51. 
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Out of the following bodies of same mass, which one 
will have maximum moment of inertia about an axis 
passing through its center of gravity and perpendicular 
to its place? 

(a) Ring of radius r 

(b) Disc of radius r 

(c) Square frame of sides 2r 

(d) Square lamina of side 2r 


A particle is executing uniform circular motion with 
angular momentum J. If its kinetic energy is reduced 
to half and its angular frequency is doubled then its 
angular momentum becomes 


(a) 2J (b) 4J 
J J 


The angle covered by a body in n* second is 


(a) a, +5 (2n-1) (b) a, -5 (27-1) 


(c) o, +—(n=1) (d) 0,-—(n-1) 

2 2 
A particle of mass m is tied to the end of a string passing 
through a hollow tube. The particle is revolved with 
angular velocity w. The force required to be applied at 
the lower end of the string in order to maintain dynamic 
equilibrium will be 


(a) ma@’r (b) mg 
(c) SS r (d) mæ’r+ mg 


A Yo-Yo is a toy in the form of a disc with a concentric 
shaft. A string is wound on the shaft. If it is suspended 
from the free end, then the string unwinds and winds so 
that the Yo-Yo falls down and rises up again and again. 
The ratio of the tension in the string while descending 
and ascending is 


g 


LOSS \ h 


(b) 1:1 
(d) R,:R 
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Two masses of 200 g and 300 g are attached to the 
20 cm and 70 cm marks of a light meter scale 
respectively. The moment of inertia of this system about 
an axis passing through 50 cm mark will be 


200g 300g 


DS Gee SNE 
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20 50 70 100 


(a) 0.3 kg/m? 
(c) 0.15 kg/m? 


The ratio of angular frequency and linear frequency is 


(a) 27 (b) JI 
l m 
Da d) — 
= (d) 7 


(b) 0.03 kg/m? 
(d) zero 


A mass M is moving with constant velocity parallel to 
x-axis. Its angular momentum about the origin 

(a) 1S zero. (b) increases. 

(c) decreases. (d) remains constant. 


Which of the following bodies of same mass has 
maximum moment of inertia about its geometric axis? 
(a) A bar pendulum (b) A solid sphere 
(c) Acircular ring (d) Acircular disc 


Which of the following relations is wrong? 

(b) a=rxa 
dJ 

d) T =— 

(d) L 


If the position vector of a particle is # =(37 = 4j) metre 


A 


and its angular velocity is @ = (j = 2k) rad/sec then 
its linear velocity is (in m/s) 

(a) -(87 -6j +3k) (c) (3i -6j +8k) 

(b) -(37 -6j +6k) a ~ (@) (67 -87 +3k) 

Moon is revolving round the earth as well as it is 
rotating about its own axis. The ratio of its angular 


momenta in two cases will be—(orbital radius of moon 
= 3.82 x 108 m and radius of moon = 1.74 x 10° m) 


(a) 1.22 x 10% (b) 1.22 x 10% 
(c) 1.22 x 10%” (d) 1.22 x 10% 


The moment of inertia of a solid cylinder of mass M, 
length L and radius R about the diameter of one of its 


faces will be 
2 2 2 2 

am ae (b) M| EE 
12 4 3 4 

MR’ 


d 
(c) zero (d) 7 


Equal torques are applied about a central axis on two 
rings of same mass and same thickness but made up 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 
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of different materials. If ratio of their densities is 4: 1 
then the ratio of their angular acceleration will be 

(a) 16:1 (b) 1: 16 

(c) 8:1 (d) 1:12 

A circular hoop of mass M and radius R is suspended 
from a nail in the wall. Its moment of inertia about an 
axis along the nail will be 
(a) zero 


(c) 2MR?* (d) 


The direction of 7 is 

(a) parallel to the plane of rand F. g 
(b) perpendicular to the plane of tT and F. 
(c) parallel to the plane of r and P. 

(d) perpendicular to the plane of r and P. 


The moment of inertia of a ring of mass 2 kg about a 
tangential axis lying in its own plane is 3 kg/m’. The 
radius of the ring is 
(a) im 

(c) 3 mm 


(b) 3 cm 
(d) 6m 


A fly-wheel of moment of inertia 0.4 kg/m? and radius 
0.2 m is free to rotate about a central axis. If a string 
is wrapped around it and it is pulled with a force of 
10 newton then its angular velocity after four seconds 
will be 

(a) 5 radians/sec 
(c) 10 radians/sec 


(b) 20 radians/sec 
(d) 0.8 radians/sec 


The equation of motion of a compound pendulum is 


2 2 
(a) <+0'x=0 (b) T +0*6 =0 
(c) F=- Kx (d) +070 =0 
t 


A block of mass 12 kg is attached to a string wrapped 
around a wheel of radius 10 cm. The acceleration of 
the block moving down an inclined plane is measured 
at 2 m/s*. The tension in the string is 


Odor 


Si 


(a) 24.5 Newton 
(c) 23.4 Newton 


a) 


(b) 68.7 Newton 
(d) 46.8 Newton 


In the above problem the moment of inertia of the wheel 
is 

(a) 0.23 Kg/m/s? (b) 0.46 Kg/m/s? 

(c) 0.92 Kg/m/s? (d) 0.69 Kg/m/s? 


In Q. No. 41, the angular speed of the wheel after the 
3 seconds after start will be (in radians/sec) 
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T2: 


(a) 10 
(c) 40 


(b) 20 
(d) 60 


A uniform solid cylinder of mass M and radius R rotates 
about a frictionless horizontal axle. Two similar masses 
suspended with the help of two ropes wrapped around 
the cylinder. If the system is released from test then the 
tension in each rope will be 


Mmg Mmg 
Pia b ——2 — 
© (+m) Ol TM +2m) 
Mmg d Mmg 
a (M +3m) a (M +4m) 


In the above problem the acceleration of each mass will 
be 


ee By ee 

(a) (M +2m) ” (M +4m) 
2mg 2mg 

(c) (M +m) i (M +2m) 


In the Q. No. 44, the angular velocity of the cylinder, 
after the masses fall down through distance h, will be 


(a) = [8mgh/(M +4m) 


(b) = 8mgh/(M +m) 
(c) - mgh/(M +m) 
(d) = 8mgh/(M +m) 


A massless string is wrapped round a disc of mass M 
and radius R. Another end is tied to a mass m which is 
initially at height h from ground level as shown in the 
figure. If the mass is released then its velocity while 
touching the ground level will be 


M 
2gh 


(a) 2gh (b) a 
(c) J2gh m/M (d) 4mgh/2m+M 
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73. The centres of four spheres each of mass m and diameter 


74. 


fier 


76. 


TI: 


78. 


T9: 


2a are at the four corners of a square of side b. The 
moment of inertia of the system about one side of the 
square will be 


(a) =m[ 4a" +5b° | (b) =m[Sa" +4b? | 


2 2, 22 eee: 
(c) mla +b? | (d) m| 2 H 


In the above question, the moment of inertia of the 


system about the diagonal of square will be 


(a) =m[ 4a" +5b° | (b) =m[Sa® + 4b? | 


(d) m| Sa | 


In Q. No. 98 the moment of inertia of the system about 
an axis passing through one corner of the square and 
perpendicular to its plane will be 


(b) > m[ a’ +26? | 


(c) E mfa’ +b? | 


(a) mpag +5b* 


(c) Zm[3a? +4°| > m[ 2a" +4b? | 
5 4 

A solid cylinder of mass 2 Kg and radius 0.2 m is 
rotating about its own axis without friction with angular 
velocity 3 rad/s. A particle of mass 0.5 Kg and moving 
with a velocity of 5 m/s strikes the cylinder and sticks to 
it as shown in. The angular momentum of the cylinder 
before collision will be 


~ 


3 rad/s 


A 
é 


(a) 0.12 Joule/s 
(c) 1.2 Joule/s 


(b) 12 Joule/s 
(d) 1.12 Joule/s 


In the above question the angular velocity of the system 
after the particle sticks to it will be 

(a) 0.3 radians/sec (b) 5.3 radians/sec 

(c) 10.3 radians/sec (d) 8.3 radians/sec 


In Q. No. 51, the energy of the system in the beginning 
is 

(a) 1.43J 
(c) 3.43J 


(b) 2.43 J 
(d) 8.3J 


The rotational kinetic energy of two bodies of moments 
of inertia 9 kg/m? and 1 kg/m? are same. The ratio of 
their angular momenta is 
(a) 3:1 
(c) 9:1 


(b) 1:3 
(d) 1:9 


| 5.28 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


The moment of inertia of a circular disc about its own 
axis is 4 kg/m’. Its moment of inertia about the diameter 
will be 

(a) 4kg/m? 
(c) zero 


(b) 2 kg/m? 
(d) 8 kg/m? 


A hollow cylinder is rolling on an inclined plane, 
inclined at an angle of 30° to the horizontal. Its speed 
after travelling a distance of 10 m will be 

(a) 49 m/sec (b) 0.7 m/sec 

(c) 7 m/sec (d) zero 


The moment of inetia of a spherical shell about a 
tangential axis 1s 
I 


2 2 2 
2 2 5 2 


A body with moment of inertia 3 Kg/m? is at rest. 
A torque of 6 newton/metre applied on it rotates the 
body for 20 second. The angular displacement of the 
body is 

(a) 800 radians 
(c) 400 radians 


(b) 600 radians 
(d) 200 radians 


The ratio of the angular velocities of the hour hand and 
minute hand of a watch is 
(a) 1:1 

(c) 43200: 1 


(b) 1:12 
(d) 720:1 


The second equation of motion in rotatory motion 
is 
2 2 
at at 
(a) ers (b) ie dn 


(c) @, =a, +2a0 (d) @, =0 tat 


Which of the following pairs do not match? 
(a) Rotational power/Joule. 

(b) Torque/Newton meter. 

(c) Angular displacement/Radian. 

(d) Angular acceleration/Radian/sec. 


A stone tied to one end of the string is revolved round a 
rod in such a way that the string winds over the rod and 
gets shortened. In this process which of the following 
quantities remains constant ? 

(a) Mass (b) Momentum 

(c) Angularmomentum (d) Kinetic energy 


A solid sphere of mass 0.1 Kg and radius 2 cm rolls 
down an inclined plane 1.4 m in length (slope lin 10). 
Starting from rest its final velocity will be 

(a) 1.4 m/sec (b) 0.14 m/sec 

(c) 14 m/sec (d) 0.7 m/sec 


Four particles each of mass m are lying symmetrically 
on the rim of a disc of mass M and radius R. The 
moment of inertia of this system about an axis passing 
through one of the particles and perpendicular to the 
plane of the disc is 


90. 


9l, 


92; 
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94. 


95. 
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(a) 16 m K? (b) 3M +16 m) — 


(c) (83m+16M) z (d) zero 


A cockroach of mass m is moving on the rim of a disc 
with velocity V in the anticlockwise direction. The 
moment of inertia of the disc about its own axis is 7 
and it is rotating in the clockwise direction with angular 
speed øw. If the cockroach stops moving then the angular 
speed of the disc will be 


lo lo+mVR 

a) —___— b) —_{ 

(a) I+mR’ (b) 1+mR? 

Io —mVR Io -—-mVR 

(c) — eid 
I+mR I 


If the force applied on a particle is zero then the 
quantities which are conserved are 

(a) only momentum. 

(b) only angular momentum. 

(c) momentum and angular momentum. 

(d) only potential energy. 


A body starts rolling down an inclined plane of length 
L and height h. This body reaches the bottom of the 
plane in time ¢t. The relation between L and t is 


too] 

L b) — 

(a) tax (b) 7 
too] 

L d) — 

(c) tœ (d) 7 


In hydrogen atom an electron revolves in a circular 
path. If the radius of its path is 0.53 A° and it makes 
7 x 10’ revolutions per second, its angular momentum 
about proton is 

(a) 11.2 x 10 Joule/sec 

(b) 11.2 x 10-* Joule/sec 

(c) 11.2 x 10 Joule/sec 

(d) 11.2 x 10 Joule/sec 


The expressions for the tangential and centripetal 
accelerations are 
(a) ra and w’r 
(c) ær and ra 


(b) œr and ra 
(4) ra and œr 


The unit of J/P is 
(a) meter/sec (b) meter 
(c) Joule (d) Joule/sec 


If the tangential and centripetal accelerations are 
tangents and along the centre, respectively, then the 
resultant acceleration (a) will be 


(a) a=a +a, (b) a= a? +a? 
(c) a=a -a (d) a=a,-a, 
The dimensions of t/« are 

(a) ML”? (b) ML’ 

(© ML (d M°L* 
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98. The block of mass M is initially moving to the right The sphere starts rotating just after the application of 
without friction with speed V,. It passes over the impulse. The ratio œw, will be 
cylinder to the dashed position, when it first makes 
contact with the cylinder, it slips on the cylinder but the 
friction is large enough so that slipping ceases before 
M losses contact with the cylinder. The final velocity of 
the V, of the block will be, if the radius of the cylinder 
is R and its moment of inertia is | and initially it is at 


rest. 


(a) 


(b) 


Ble nj|= 
Mle fN 


(c) (d) 

100. A solid cube of side / is made to oscillate about a 
horizontal axis passing through one of its edges. Its 
time period will be 


i o 2 L (b) m 
(e) V,=V, (d) v,=—4 3.8 3 8 
MR 
Se. Asai V3 1 24 
solid sphere rests on a horizontal surface, A horizontal (ON |a-—— (d) 2” |—~— 
impulse is applied at height h from the centre (Figure). 2 8 V3 8 
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CHAPTER HIGHLIGHTS 


CHAPTER 


The universal law of gravitation. Acceleration due to gravity and its variation with altitude and depth. Kepler's laws of 


planetary motion. Gravitational potential energy; gravitational potential. Escape velocity. Orbital velocity of a satellite. 


Geo-stationary satellites. 


BRIEF REVIEW 


Gravitational Force isArstNaturalForce The modern 
science came to notice. It started from planetory motion 
and then took the shape as we know today. 


Newton's Law of Gravitation Newton in 1665 
formulated F oc m m, 


1 Gm, m 
Fea — or F= — 
r r 


Where G = 6.67 x 10! N m? kg” and is called universal 
gravitational constant. The value of G was first measured 
by Cavendish in 1736. The value of G measured for small 
distances (r < 200 m) is less by about 1% and perhaps gives 
an indication of a fifth natural force. Note, gravitational 
field is independent of the nature of medium between the 
masses. 


e r p 


Fig. 6.1 Gravitational force between two masses 


Gravitational Field Intensity Gravitational force per 
unit mass is called gravitational field intensity. Gravitational 
field intensity of earth is ‘g’. 


F _GM GM, 
ie m and g = R? 


Gravitational field intensity due to a ring at any point on 


GMx 
the axial line as illustrated in Fig. 6.2 is E, = EN 
E (x + R*)? 
, waon R 
E, is maximum if x = yar . 
—™ p 


Fig. 6.2 Gravitational field intensity at a point 
on the axial line of ring. 


Gravitational field due to a disc at any point on the axial 


line 
F- 2GM j= x E 2GM 
° R* Nx +R? R* 


[1 — cos 0] in terms of angle 8. 


Gravitational field intensity due to a shell 


GM 
g inside 7 0, g surface = R? 
GM 
m eo R 
X 


[6.2 


See Figure 6.3. 


O R X 


Fig. 6.3 Gravitational field intensity due to a shell 


Gravitational field intensity due to a solid sphere 


GMx 
g inside = R? x< R 
GM 
g surface = R? x=R 
g outside = R? x>R 
See Fig. 6.4. 


Fig. 6.4 Gravitational field intensity due to a solid sphere 


Gravitational Potential (V) The amount of work 

done to bring a unit mass from infinity to that point under 

the influence of gravitational field of given mass M without 
l . GM ç 

changing the velocity vs Fa = f E, .dx 

Gravitational potential due to a ring at any point on the 

axial line 


-GM 


Gravitational potential due to a shell 


-GM 
inside = surface = R X < R 
-GM 
ide x>R 
outside R 


Gravitation 


See Figure 6.5. 


Fig. 6.5 Gravitational potential due to a shell 


Gravitational potential due to a solid sphere 


GM ip 2 
Ve IR? | 3R a | x<R 
-GM 
surface = R x= R 
-GM 
outside = x X> R 
See Fig. 6.6 


Fig. 6.6 Gravitational potential due to a solid sphere 


Gravitational Potential Energy It is the amount of 
work done to bring a mass m from infinity to that point 
under the influence of gravitational field of a given mass 


i , , —GMm 
M without changing the velocity u= ——. Note, that 
r 
u =mV. 
& & 


Work done W = Au, 
we a 2h \ . 
Variation of‘g’ due to height g'’=¢ 7 ifh<<R 


g' = E if h is comparable to R 


h 2 

(1%) 

Variation of ‘g’ due to depth g'=g 1-4] where x 

is depth 

g' =(0 if x= R i.e., at the centre of the earth. 

Variation of ‘g with rotation ofthe earth lattitude 
, Ro’ 

=g |l 


8 
(where A = 90°) and minimum at the equator (where A = 0). 


cos? a) , i.e., g is maximum at the poles 


Gravitation 


Orbital Velocity v = (ieee Orbital velocity v, is the 
r 


velocity with which a planet or a satellite moves in its orbit 
of radius r. 


Escape Velocity Escape velocity is the minimum velocity 
given to a body so that it escapes (from the surface of the 


earth/planet) from its gravitational field. v, = a , 
r 


Note v = K v 


, , 2ar 4r’ r? 
Time period T= —— or T = 
V, GM 

l GMm = 
KE = ~ mv? =—— ; pe = —UMm 

2 2r r 

ENN —GMm 
Total energy or Binding energy = KE + PE = 
r 


Keplers Laws 


First law The planets revolve around the sun in the 
elliptical orbits with sun at one of the focus as illustrated in 
Fig. 6.7 (a). 


P 


Fig. 6.7 (a) Kepler’s 1st law illustration 


Second law A line from the sun to the planet sweeps 
equal area in equal intervals of time as shown in Fig. 
6.7 (b). This law is based On conservation of angular 
momentum. 


From Kepler’s 2nd law one can easily derive 


L r. Oaai F a; 

l _ ‘2 _ “Perihelion _ _ aphelion ‘ 
ei ina arn Fig. 6.7 (b) 
V, n aphelion Perihelion 


Fig. 6.7 (b) Kepler's 2nd law illustration 


1.e., when the planet is closer to the sun it moves faster. 
Closest distance of a planet from the sun is called perihelion 
distance. Farthest distance of the planet from the sun is 
called aphelion distance. 
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Closest distance of a 
Perihelion distance planet from the sun 
se Bees 4-A p is called perihelion 
<Aphelion distance 7 distance. Farthest 
distance of the planet 
from the sun is called 
Aphelion distance. 


Fig. 6.7 (c) Perihelion and aphelion distance illustration 


Third law The square of the time period of a planet is 
proportional to the cube of the semimajor axis, 1.e., T? œ r°. 
If e is the eccentricity of an elliptical orbit then 


Fig. 6.7 (d) Kepler’s 3rd law illustration 


FAphelion l +é _ : 
Tee l i F aphaWen + l Perihelion =2rr being 
Perihelion —e 
semimajor axis. 
l l 2GM , 
Schwarzschild radius R, = 2 where c is speed of 
light with radius Rẹ. 


Event horizon The surface of the sphere with radius R, 
surrounding. a blackhole is called event horizon. Since, 
light cannot escape from with in this sphere, we can not see 


events occuring inside. 
l , GMm GM 
Weightlessness in a satellite s NS | 
r 


m or N= 0 where N is normal contact force exerted by the 
surface. That is in a satellite surface does not exert any force 
on the body. Hence, apparent weight of the body is zero. 


Short Cuts and Points to Note 


1. Gravitational force is only attractive force and 


mm 
l 2 e 4 
F= —.—. The force is conservative. If r< 10m 
F 


then intermolecular forces dominate. Gravitational 
force is the weakest of the known natural forces. 


This force does not depend on the nature of medium 
present in between the two masses. 


bas GM |. 
2. Gravitational field intensity E, = —5— is force per 
r 


unit mass. Gravitation field intensity of the earth = 
GM 
&= R ` 
3. Aryabhatt in 5th century AD first described that the 
earth revolves around the sun and the moon revolves 
around the earth. 


4. The moon takes 27.3 days to complete one 
revolution around the earth. The mean radius of the 
orbit is 3.85 x 10° km. 
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5. The value of G was measured by Cavendish for the 
first time. The value of G is about 1 % less when 
distance < 200 m, indicating the possibility of a Sth 
natural force. 


6. Gravitational field intensity due to a ring along the 


GMx 
37 - E will be maximum 
2\%° 8 


axial line is E = 
° (R? +x ) 


R 
ifx= Ya Eene = 9: 


7. Gravitational field intensity due to a disc 


2GM 1 x IGM 
E= k | ear? | R HOA 
GM 
P R . See Figure. 
iss 


8. Gravitational field intensity due to a shell 


g, surface = R 2 


GM 
~; x>R 
x 


g, outside 


as illustrated in Figure. 


9. Gravitational field intensity due to a solid sphere 


GMx 
g inside © p3 x< R 
GM 
aiee Fa for x= R; 
GM 
g, outside = Fa X> R. 
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R 


NEN -GM 
10. Gravitational Potential CES due to a point 
r 
mass at any point P distance r from the point mass. 
Negative sign shows force is attractive. 


11. Gravitational Potential due to a ring at any point P 
-GM 


on the axial line V = -= , 
ld IR? 4. x? 


12. Gravitational Potential due to a shell 


=GM 
inside D surface F R 
-GM 
outside = x X> R. 


13. Gravitational Potential due to a solid sphere 


-GM e a 
A = 2R? | 3R oe | x<K 
surface E and Voi = x X> R 
See Figure. 
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14. 


15. 


16. 


R 
17. Variation of g with height g' = g h — =) ifh<—_ 
R 


18. 


19. 


20. 


—GMm 


r 


Gravitational potential energy U, = =m 


V; Negative sign indicates force is attractive. 


Work done to raise a body of mass m to a height 


mgR 
Te 
n 


= nR where R is radius of the earth is | W = 


n could be an integer or fraction. 


W =A PE because gravitational force is conservative, 


—dU 
F = —.. At equilibrium al = 0. 
dr dr 


GM 
Gravitational field intensity g = R? (due to the 


earth) is valid upto 10 km above the surface of the 
earth. With height or depth g decreases. 


10° 


Note g, never becomes zero with height. Therefore 
in space we come across the term microgravity and 
not weightlessness. (g — 0 only if h — œ). 


Variation of g with lattitude 


2 2 
g=g Retest . At poles à = 90°, g' = g 
§ 


and is maximum . 

At equator g' = g ( = fe") "' A=0. gis minimum 
£ 

at equator. If earth rotates (spins) at a rate 17 times 

the present value the weight of a body at equator 

will become zero. 


Variation of g with depth g' = g [i -*| Ifx=R, 
R 


1.e., at the centre of the earth g’ = 0. The body will 
becomes weightless at the centre of the earth. 


Kepler’s first law: The planets revolve around 
the sun in elliptical orbits with sun at one of the 
foci. 


Second law: The line joining the sun and the planet 
Sweeps equal area in equal interval of time or the 
areal velocity is constant. The law is based on 
conservation of angular momentum and leads to 


D r- 2 ers P Dhel; > : i 
-L = or —Pethelion _ _sphelion See Figure if e is 
cf) fi U aphelion Perihelion 


eccentricity of the orbit then 


21. 


22. 


23. 


24. 


25. 


26. 
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pon r = semi-major axis 


ria > 


aphelion 


l perihelion 


Faphelion = l+e er +r L or 
~ 1 ? aphelion Perihelion 
Perihelion € 


Ife< 1 andv > V scape (or total energy KE + PE > 0). 
The path of the satellite is hyperbolic and it escapes. 


If e < 1, total energy is negative (< 0) or v < v 
the satellite moves in an elliptical path. 


escape 


If e = 0, total energy is negative, 1.e.,0<v___., the 
. . . pe 
satellite moves in a circular path. 


If e = 0, total energy is zero or v = v, the satellite 
will acquire parabolic path. 


Third law: 7° œ r° where r is semimajor axis. 


Orbital velocity = v, = = where r is radius of 
r 


the orbit. r= R, + h for a satellite. 


p R +h, . ' 
— = |/———_ ifv <v <v then the path is 
WY, R,+h : 


elliptical. 


2GM 
r 
velocity of a satellite revolving around earth 
(or that of a planet revolving around the sun) is 
increased by 41.4% then it will escape away. If 
v > v, satellite takes hyperbolic path and escapes 
from the gravitational field of the earth then 


Escape velocity v, = =/2 v, Le., if the 


Time period of revolution T° « r’. 


T 2ar Izr” 4r’? 
_ = or lT s 
v JGM GM ` 


Total energy or binding energy of a body revolving 
around the earth/planet or the sun is BE (= Ew) 


GMm GMm -GMm 
= KE + PE=———__ = 
2r r 2r 
l PE 
1.€., KE + PE = -KE = 
or PE =-2 KE. 
The path of the projectiles thrown to lower height 


is parabolic and thrown to larger heights is 
elliptical. 


Geostationary or communication satellites have 
circular orbit. They are situated at a height 36000 
km above the surface of the earth (r = 42400 km 
from the centre of the earth). Minimum number of 
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27. 


28. 


29. 


communication satellites to cover whole globe is 
3 as one satellite covers nearly 41% area. Maximum 
number of communication satellites = 180 which 
can be operative at a time (at a slot of 2° each). 


Schwarzchild radius It is the distance surrounding 

a blackhole where even the light cannot escape 
2GM 

E 2 


C 


R 


S 


. The surface of the sphere surrounding 


black hole upto a radius R, is called event horizon. 
We cannot see events occuring in this region. 


Coroilis force = 2 mow. When a body of mass m 
moves along a diameter with a velocity v on a turn 
table rotating with angular speed @ the coroilis force 
is experienced. 


Prigee is the shortest distance of a satellite from the 
earth. 


Apogee is the farthest distance of a satellite from 
the earth. 


Caution 


1. 


Not remembering that gravitational field intensity 
depends upon shape, geometry and distance. 


GMx 
E, =Q at the centre of a ring E, =__ 7 


(r? tx) 


at any 


point on the axial line. 


E, = 0 inside the shell (only due to shell). The 
presence of other body will cause £.. 


If a part of the body is cut, E will vary notonly due 
to the fact that mass has varied but also due to the 
fact that shape has varied. 


Assuming gravitational potential is only a function 
of distance. 


Like gravitational field, gravitational potential also 
depends upon the shape and geometry. Gravitational 
field inside the shell is zero but gravitational potential 
inside the shell is non zero and remains constantly 
equal to the gravitational potential at the surface. 


Assuming work done in gravitation is F . d 
Work done = JF .dx = APE = PE „a — PE 


initial” 


Do 


not apply W = F . das force is variable. 


Assuming g varies with height as g' = g [i -2) 


g' =g 1-2") is valid only if h<—~ otherwise use 
R 10 
8 


ES oa 
GD 
R 


Assuming when the earth is closer to the sun only 
then summer is experienced. 


10. 


11. 


12. 


13. 


14. 


Gravitation 


Though in principle it appears correct but in case of 
the earth, the solar radiations are incident oblique. 
During winter earth is closer to the sun. That is why 
winter is of short duration. 


Assuming g = 0 at the equator or g to be constant 
over the surface of the earth. 


g iS Maximum at poles and minimum at the 
equator. Note, the variation is small and occurs due 
to outward radial force because of rotation of the 
earth. 


Assuming any star will die as black hole. 


Only those stars whose mass > 5 times the mass of 
the sun end as black hole. 


Assuming in the relation of orbital velocity 


GM 
D = 


o 


, M is the mass of the satellite. 


r 
M is the mass of the earth/planet. Remember orbital 
velocity and escape velocity both are independent 
of the mass of the satellite being put into the orbit 
or to escape. 


Assuming gravitational Binding energy is nothing 
but gravitational PE. 


>. —GMm 
Binding energy = KE + PE=-KE='2 PE = > 
r 


Assuming Kepler’s laws can be applied to planets 
only. 


Keplers laws can be applied to planets and satellites 
(artificial or natural). 


Not remembering relations relating eccentricity e 
and r (Semimajor axis). 


Vaphelion E l+e 

a DP a ET 
| 1- e aphelion Perihelion 
Perihelion 


Assuming shielding effect in gravitational force 
also. 

Gravitational force does not depend upon medium. 
Therefore, no medium can shield or block 
gravitational field. 


Considering centripetal or centrifugal force cannot 
be applied on the earth. 


Particles on the poles or on the axis of rotation do 
not have any such forces. At all other lattitudes 
apparent weight = m (g — a) = m (g — Rw’ cos? A). 
Assuming gravitational field inside the shell 1s zero 
always irrespective of presence of other masses 
outside the shell. 


Gravitational field due to the shell is only zero. Refer 
to Figure. m is in a shell of mass M and radius R. m, 
is a mass distant x from m then force experienced 
Gmm, 


2 s 
X 


by m is 
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PRACTICE EXERCISE 1 
(SOLVED) 


1. The rotation of the earth about its axis speeds up 


such that a man on the equator becomes weightless. 
In such a situation, what would be the duration of 


one day? 
1 
(b) ppm V R/g 


(a) 2./R/g 
(c) 2JRe d — Rg 


Two identical trains A and B move with equal speeds 

on parallel tracks along the equator. A moves from east 

to west and B, from west to east. Which train will exert 

greater force on the tracks? 

(a) A 

(b) B 

(c) They will exert equal force. 

(d) The mass and the speed of each train must be 
known to reach a conclusion. 


Let œ be the angular velocity of the earth’s rotation 
about its axis. Assume. that the acceleration due to 
gravity on the earth’s surface has the same value at 
the equator and the poles. An object weighed by a 
spring balance gives the same reading at the equator 
as at a height h above the poles (h << R). The value 
of h is 


oe, 22 w) ER 
2g 
g”. a) VAS 
@ 


The escape velocity for a planet is v. A particle starts 
from rest at a large distance from the planet, reaches the 
planet only under gravitational attraction, and passes 
through a smooth tunnel through its centre. Its speed 
at the centre of the planet will be 


(a) v, (b) 1.5 v, 
(c) V1.5 v, (d) 2v, 
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. Considering that escape velocity depends upon 


direction. 


Theoretically it is independent of direction. 
However, practically a little dependence is observed. 


. Considering that gravitational PE is always 


negative. 


It depends upon the reference used. So far we have 
assumed PE at infinity is zero. If we assume PE at 
the surface of the earth is zero then PE elsewhere 
will be +ve. 


5. The escape velocity for a planet is v. A particle is 


projected from its surface with a speed v. For this 
particle to move asa satellite around the planet, 


(b) — 


(a) Penc y< yv, <v<v, 
2 V2 

(c) yv &y < y2 v, (d) re <y<te 

V2 2 


Two small satellites move in circular orbits around the 
earth, at distances r and r + Ar from the centre of the 
earth. Their time period of rotation are T and T + AT. 
(Ar << r, AT << T) 


3 Ar 3 _ Ar 
(a) ATS — T— (b) AT= — T— 
2 r 2 r 


2 Ar Ar 
(c) AT=~ T= (d AT=T— 
r r 


3 


Let S be an imaginary closed surface enclosing mass 
m. Let dS be an element of area on S, the direction of 
dS being outward from S. LetE be the gravitational 
intensity at dS . We define of . E.dS , the integration 
being carried out over the entire surface S. 


(a) ¢=—Gm 

(b) ¢=—4n Gm 

() =" 
47 


(d) No relation of the type (a), (b) or (c) can exist 


The figure shows a planet in elliptical orbit around 
the sun S. Where is the kinetic energy of the planet 
maximum? 


P 
P, P 
P 
(a) P, (b) P, 
(c) P, (d) P, 
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9. The ratio of the radii of the planets P, and P, is k. The 
ratio of the acceleration due to the gravity on them is 
k,. The ratio of the escape velocities from them will be 


(a) k, k, (b) ykik, 
(c) „fk, Ik, (d) /(k,/k,) 


10. Which of the following graphs represents correctly the 
variation of intensity of gravitational field Z with the 
distance r from the centre of a spherical shell of mass 
M and radius a? 


11. The orbital speed of Jupiter is 
(a) greater than the orbital speed of earth 
(b) less than the orbital speed of earth 
(c) equal to the orbital speed of earth 
(d) zero 


12. The period of a satellite in a circular orbit of radius R 
is T. The period of another satellite in a circular orbit 


of radius 4R is 
(a) 4T (b) 7/4 
(c) 8T (d) 7/8 


13. The period of a satellite in a circular orbit around a 
planet is independent of 
(a) The mass of the planet 
(b) The radius of the planet 
(c) The mass of the satellite 
(d) All of three parameters a, b and c 


14. 


15. 


16. 


17. 


18. 


19. 
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The acceleration due to gravity on the surface of the 


1 
moon is z that one the surface of earth and the diameter 
of the moon is one-fourth that of earth. The ratio of 


escape velocities on earth and moon will be 


(a) n (b) 24 


V3 


3 d) — 
(c) (d) 7 


At a height above the surface of the earth equal to the 
radius of the earth the value of g (acceleration due to 
gravity on the surface of the earth) will be nearly 


(b) Vg 


(dy) £ 
2 


(a) zero 


Ome 
4 


Two satellites S, and S, describe circular orbits of radii 
r and 2 r respectively around a planet. If the orbital 
angular velocity of S, is w, the orbital angular velocity 
of S, is 


2 
by a 
(b) 7 


wW 
d 3 


(c) Jz (d) wy2 


A person brings a mass of 1 kg from infinity to a point 
A. Initially the mass was at rest but it moves at a speed 
of 2 m/s as it reaches A. The work done by the person 
on the mass is —3J. The potential at A is 

(a) —3 J/kg (b) -2 J/kg 

(c) —5 J/kg (d) done of these 


An artificial satellite moving in a circular orbit around 
the earth has a total energy (K.E. + P.E.) is E,. Its 
potential energy is 
(a) —E, 
(c) 2E, 


(b) 1.5 E, 
(d E, 


P is a point at a distance r from the centre of a solid 
sphere of radius a. The gravitational potential at P is 
V. If V is plotted as a function of r, which is the correct 
curve? 
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20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


Four particles of equal mass M move along a circle of 
radius R under the action of their mutual gravitational 
attraction. The speed of each particle is 


w Z (b) (2) 
o [RER] o Fee, 


A simple pendulum has a time period T, when on the 
earth’s surface, and T, when taken to a height R above 
the earth’s surface, where R is radius of earth. The value 


of T/T, is 
(a) 1 (b) V2 
(c) 4 (d) 2 


A uniform spherical shell gradually shrinks maintaining 
its shape. The gravitational potential at the centre 

(a) increases (b) decreases 

(c) remains constant (d) oscillates 


A body of mass m rises to a height h = R/5 from the 
earth’s surface where R is radius of the earth. If g is 
acceleration due to gravity at the earth surface, the 
increase in potential energy is 

(a) mgR (b) (4/5) mgR 

(c) (1/6) mgR (d) (6/7) mgR 


If the distance between the earth and the sun were half 
its present value, the number of days in a year would 
have been 
(a) 64.5 

(c) 182.5 


(b) 129 
(d) 730 


Imagine a light planet revolving around a very massive 
star in a circular orbit of radius R with a period of 
revolution 7. If the gravitational force of attraction 
between the planet and the star is proportional to R’, 
the T’ is proportional to 
(a) R? 

(c) R> 


(b) R2 
(d) R375 


A body is suspended from a spring balance kept in a 
satellite. The reading of the balance is W, when the 
satellite goes in an orbit of radius R and is W, when it 
goes in an orbit of radius 2 R. 

(a) W =W, (b) W <W, 

(c) W >W, (d) W +W, 


A planet is revolving around the sun in elliptical orbit. 
Its closest distance from the sun is r and the farthest 
distance is R. If the orbital velocity of the planet closest 
to the sun be v, then what is the velocity at the farthest 
point? 

(a) vr/R (b) vR/r 


(c) (=) (d) (4) 
R r 


The orbital velocity of an artificial satellite in a circular 
orbit just above earth’s surface is v,. For a satellite 


29. 


30. 


31. 


32. 


33. 


34. 
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orbiting in acircular orbit at an altitude of half of earth’s 


radius 1s 
(a) fon (b) fon 
2 
©) 3y, (d) Év 
9) 3 


A particle is placed in a field characterized by a value 
of gravitational potential given by V = —kxy, where k 


is a constant, If E, is the gravitational field then, 


(a) E, =k (xi + yj) and is conservative in nature. 


y: 


(b) E, =k ( yí + xj) and is conservative in nature. 
(c) E, =k (xi + yj) and is non-conservative in nature 
(d) E, =k ( yi + xj) and is non-conservative in nature 


Three equal massesm kg are placed at the vertices of 
an equilateral triangle of side a metre. The gravitational 
potential energy equals to 


= oy a2 
a a 
o =o" Qq — 


If three uniform spheres, each having mass M and radius 
R, are kept in such a way that each touches the other 
two, the magnitude of the gravitational force on any 
sphere due to the other two is 


GM’ 2GM’ 
(a) 5 (b) 2 
4R R 
2GM’ 3GM’ 
(c) - (d) v3 - 
4R 4R 


The period of revolution of planet A around the sun is 8 
times that of B. The distance of A from the sun is how 
many times greater than that of B from the sun? 

(a) 2 (b) 3 

(c) 4 (d) 5 


If the length of a simple pendulum is equal to the radius 
R of the earth, its time period will be 


(a) 2,/R/e (b) 2/R/2g 
(c) 2J2R/g (d) JR/2g 


Given that mass of the earth is M and its radius is R. 
A body is dropped from a height equal to the radius of 
the earth above the surface of earth. When it reaches 
the ground its velocity will be 


cM o [2 
R 


a oe 

R 

(c) Bee (d) ae 
R R 
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Answers to Practice Exercise 1 


1. (a) 2 (a) 3. (b) 5, 
9. (b) 10. (d) 11. (b) 12. 
16. (a) 17. (c) 18. (c) 19. 
23. (0) 24. (b) 25. (b) 26. 
30. (a) 31. (d) 32. (o) 33. 


EXPLANATIONS 


1. (a) Let œ = angular velocity of the earth about its axis. 
mg — N = mæœæR 
for N=0, w* = g/R. 


2n 

T=— =2 , 
o Ne 
E 


2. (a) Let v = speed of each train relative to the earth’ s 
surface, 


v, = speed of earth’s surface relative to the earth’s axis, 
V, V, = Speeds of A and B relative to the earth’s axis. 


Then, v, =v,—V, V, = Vg. 
2 2 
N,=mg-—m k. ,N,=mg—m ve |. 
R R 
N, >N, 
3. (b) Apparent weight at the equator = mg — mœ? R 


Weight at a height h above the pole = mg € -2 
R 


Putting mg — mw? R = mg 1-2) ; 
R 


4. (c) Taking the potential at a large distance from the 
planet as zero, the potential at the centre of the planet 
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6. (b) 7 (a) 8 (d) 
13. (c) 14 (b) 15 (c) 
20. (c) 21. (d) 22. (b) 
27. (a) 28. (b) 29. (b) 
34. (b) 
E _ 3p 3 E a 

or y= R g= 5 =5 v, 


or v= 1.5 v.. 


(b)For a satellite orbiting very close to the earth’s 
surface, the orbital velocity = [Rg ~ mg = mv’/R). 
This is equal to the velocity of projection and is the 
minimum velocity required to go into orbit. Also, the 
satellite would escape completely and not go into orbit 
forv2v. 


v,/V2<v<y,. 


(a) P «er or T=cr 
2T AT = 3cr’ Ar. 
2 
Dividing LAT _ Ser Ar 
T cr 


(b) Follow the method used to prove Gauss’s law. 
m 
E=Gi- 
r 
E . dS = EdS cos (180° — 0) =— EdS cos @ 


= > m 
p=, E = dS Ps -G77 dS cos 0 
dS cos@ 
2 


=~Gm.9 
= — 4nGm. 


=-Gm.9, doo 


r 


(d) Angular momentum of the planet about S is 
conserved. So, mvr = constant v is maximum when r 
is minimum. So, v is maximum at point P, 


Fa 


~ 
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9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 
19. 


20. 


(b) v, =,/2gR 
C [ MS ee 
"2 


V g, R, 


e 


(d) Inside the shell gravitation fiel 1=0 


outside the shell J = ete 
r 


| M 
(b) v= — Distance of Jupiter is more than earth 


from sun. 


T? R 
c) T? R? > — = — >» T =8T 
( ) a T? 64 R? i 
R? 
(c)T =27 (M, = mass of planet) 
P 
(b) y- = 2g,R > V n = J28 R. 
R 
V, = Ee e S24 
Vyn Em m 
GM, _8 GM 
(c) 8'= = = 
(R,+R,) 4 oR 
TP R 1 o T, 
(a) 5 =— =- > 1-2-8 
T, R 8 w, l 
O w 
© V8 N2 
(c) Change in kinetic energy = work done by external 


agent + work done by gravity 
Sm = —3+ work done by gravity 


2 =—3 + work done by gravity 
Work done by gravity =5 J 
Potential = —5 J/kg 


(c) Potential energy = 2 (total energy) = 2 E; 


(c) Gravitational potential inside the sphere is 


M 
V=- Z r (3a? -— r°) and out side sphere v = cid 
2a r 
(c) F „(on each particle) towards C 


2 


GM’? 
a 
2a 


z required centripetal force = F 


a net 


2+1) Given that =R, 
(272 +1) 


V2 
_ IGM (2V2+41 
“WRU 4 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


(b) V= — Spr OR -r’) 


at center r = 0 > y = 20M 


2R 
as R decreases V, will decrease 


(c) P.E. = -OM PE, ke cll 


í panes 6R 
5 

Increase in potation energy 

on >) = GMm _ mgR 


PA,- PE, =——_| 1-= |= 2 
R 6R 6 


6 
(GM = gR’) 


T 
b T? a ei- 
T, 


T 365 
I, =—> =—7 = 129 days 


2 R 


2 3 
R J- 
R/2 


2 


; m(427) _3 
(b) F = mw‘ R= R=kR ? 
T 
1 
T? aR? 
(a) In both cases reading will be zero because of 
weightlessness in space 


Hence W, =W, 


(a) Applying conservation of angular momentum about 
the sun 
mvr=mV R 
owr 


Vz 
R 


2 
(b) Orbital velocity = | %0"*_ where R is radius of earth. 
R+h 
2 


6.12 


OV 
29. (be =—=ky £ =-—=kx 
x Ox l 


€=k(yi +x) & conservative 


Gmxm Gmxm Gmxm 3G m* 
HN. (a) PE = 
a a a a 
m 
a a 
m d m 
31. (d) Fo =VF?+F*+2F’ cos60° - 
p OM? V3GM? 


4R? "AR? 


r (Rp? Rr \? p 
32. orar, te >s) ,= 4 


33. (b) F 


restoring 


-mg (0+ ¢ġ),a = -g (žž) =R, 


PRACTICE EXERCISE 2 
(SOLVED) 


1. Fora satellite moving in an orbit around the earth, the 
ratio of KE to PE is 


1 1 
= b)) — 
(a) 2 y y2 
(c) 2 (d) 2 


[CBSE PMT 2005] 


1 
Solution (a) KE=- A PE in a conservative bound system 
of forces. 


2. Imagine a planet having the same density as that of the 
earth but radius is three times the radius of the earth. If 
acceleration due to gravity on the surface of the earth 
is g and that of the said planet is g’ then 


t § t 
(a) 8 =g (b) g'=98 
§ j 
(c) B= 55 (d) g=38 
[CBSE PMT 2005] 
G akp 4 
-=Z = 2 =G= Rp 
R R 3 


v Ry. = 3R Hence g’ = 3g 


Planet 


Gravitation 
34. (b) GMm__GMm 1 B GMm 
2R R 2 2 2R 
y GM 
NR 
O 
R 
R 


3. Average density of the earth 
(a) does not depend on g. 
(b) is a complex function of g. 
(c) is directly proportional to g. 
(d) is inversely proportional to g. 
[AIEEE 2005] 


4 
Solution (c) g= G7 TRp 


4. The change in the value of g at a height h above the 
surface of the earth is the same as at a depth d below 
the surface of the earth. When both h and d are much 
smaller than the radius of earth, then which one of the 


following is true? 
(a) azM (b) d= 
(d) h=d 


(c) d=2h 
[AIEEE 2005] 
2h d\ 
Solution (c) g’= (1-2) = e(1-<) <. d= 2h 
R R 


5. A particle of mass 10 g is kept on the surface of a 


uniform sphere of mass 100 kg and radius 10 cm. Find 
the work to be done against the gravitational force 


Gravitation 


between them to take the particle far away from the 
sphere. 

(a) 13.34 x 10" J 
(c) 6.67 x 10°?J 


(b) 3.33 x 10° J 
(d) 6.67 x 10° J 
[AIEEE 2005] 


—GMm B (=) 


Solution (d) W = APE = 


_ 6.67x 107" x100x10x107 
E l 


R 


o0 
=6.67 x 10" J 
6. The condition for a uniform spherical mass m of radius 


r to be a black hole is [G = gravitational constant, g = 
acceleration due to gravity]. 


= f Eai 
(a) ET <c (b) = =C 


1 /, 
(c) 2 | >C (d) = >c 
r 


[AIIMS 2005] 


M 
Solution (c) 2 >c 


7. Two planets are revolving around the earth with 
velocities v,, v, and in radii r, and r, (r, > r,) 
respectively. Then 


(a) v, =v, (b) v >v, 
(c) v, <v, (d) ea 
h R 
GM ù 
Solution (c) v, = a So 
r. 


8. Earth is revolving around the sun if the distance of 


l 
the earth from the sun is-reduced to rig of the present 


distance then the present length of the day is reduced by 
(a) (b) 


(c) (d) 


A 
r 
Solution (c) T? œ r = VA, -1 
T, r 8 


9. Helios-B spacecraft had a speed of 71 km/s when it was 
4.3 x 10” km from the sun. Its orbit is 
(a) circular. (b) helical. 
(c) elliptical. (d) parabolic. 
6.67x107!! x 2x10” _ 


[GM 
Solution (c) Uv, 7 R = 4.3x10’ x10? 


km/s since v > v „ but < v „ therefore, orbit is elliptical. 


6.13 | 


10. Find the weight of an object at neptune which weighs 
19.6 N on the earth. Mass of Neptune = 10% kg, radius 
R=2.5 x 10*km and rotates once around its axis in 16 h. 


(a) 19.6N (b) 20.0N 
(c) 20.4N (d) 20.8N 
GMm 
Solution (d) Weight W= R? 
6.67x10™" x10% x2 
— a a a 20.8 N. 


(2.5x10 7 


11. An earth’s satellite moves in a circular orbit with an 
orbital speed 6280 ms™!. Find the time of revolution. 
(a) 130 min (b) 145 min 
(c) 155 min (d) 175 min 


[GM GM 
Solution (d) v, = N OE and 


F 2r  2mGM 
“JGM v? 


h 27m x6.67x10!!x6x10” 
~ (6280)? x6280 x60 


= 175 min. 


12. Amass m, is placed at the centre of a shell of radius 
R, m, is placed at a distance R from the surface and is 
immersed in an oil of dielectric constant 10. Find the 


force on m, 
G(M +m,)m 
a) zero D ee et 
(a) (b) OR? 
(c) Gmm, (d) Gm,(4M +m,) 
4R? 4R? 


Gmm, i 
Solution (c) F = shell exerts no force as its 


(2R) 


gravitational field inside the shell is zero. Oil does not play 
any role. 


13. A 75 kg astronaut is repairing Hubble telescope at a 
height of 600 km above the surface of the earth. Find 
his weight there. 
(a) 740 N 
(c) 650 N 


(b) 700 N 
(d) 610 N 


Solution (d) mg’ = mg € = >| 


=75 x 10 (1 --185)=610 N 


| 6.14 


14. 5 kg and 10 kg spheres are | m apart. Where the 
gravitational field intensity be zero 5 kg block? 


(a) 0.4m (b) 0.3m 

(c) 0.25 m (d) 0.35 m 
M M — 

Solution (a) ŽA- or 2-2 

x (1—x) x l 
l 0.4 

or x=—— =04m 

VET 


15. A ring has mass M, radius R. A point mass m is placed 
at a distance x on the axial line as shown. Find x so that 
force experienced is maximum. 


(b) 8 
(d) R/ J3 


(a) RZ e 
(c) R/J2 


Solution (c) ba — 


=Qorx= R/ 2 

dx (x? +RY? 

16. How much work will be done to take a space craft 

orbiting at 200 km above the surface of earth to 

an orbit at 4000 km above the surface of the earth. 

Assume circular orbit? Mass of spacecraft equal to 
2000 kg. 

(a) 0.83 x 10'°J 

(c) 1.53 x 10'°J 


(b) 1.23 x 10!°J 
(d) 1.83 x 10!°J 


Solution (d) W = APE+ AKE 
= PE, ,— PE „„+ KE- KE 


initial final initial 


l l 
=KE _ - KE. =——|——-—— 
aa ana 10° x a md 
6.67 x10! x6 x10 x 2000 2000 | 
~ 10° XI 8400 x 10400 


40x10" 
= 110° = 1.83 x 10!°J 


17. A comet travels around the sun in elliptical orbit. Its 
mass is 108 kg when 2.5 x 10!’ m away its speed is 2 x 
10* ms". Find the change in KE when it has reached 5 
x 10!° m away from the sun. 
(a) 38x 10°J (b) 48 x 10°J 
(c) 58x 10°J (d) 56x 10°J 


Gravitation 


Solution (b)v,7,=v,7, or 
2x10* x2.5x10!! 


20 5x10"° = 10° 


10) 


l 
AKE =~ x 108[(10°)? — 4 x 105] 


= 48 x 108J 


18. Gravitational field in a region is given by (31+27) N 


kg™. Find the work done by the gravitational field when 
a particle of mass m moves from one point (x,, y,) to 
another (x,, y,) on the line 2y + 3x =5 

(a) zero 

(b) 9 (x,-x,)+4(y,-y,) 

(c) 9(x,-x,)+4(,-,) 

(d) none 


-3 
Solution (a) m, (slope of the line) = ES 


Coeff.ofj 2 


Slope of gravitational field m, = Coeff. ofi 3 


Be m  m}=^]l i.e., line and field are perpendicular. 
Hence, work done = 0 
19. A body is fired from the surface of the earth. It goes 


to a maximum height R (radius of the earth) from the 
surface of the earth. Find the initial velocity given. 


(a) 6.9 km s7 (b) 7.4 km s” 
(c) 7.9 km s” (d) 8.4 km s7 
Solution (c) om GM mE- 
2 R 2R 


IGM 
or OU =,- 
R 
6.67x10"" x6x10™ 
sa ana os, 
6400 x 10 


20. Find the height above the surface of the earth where 
weight becomes half. 


R 
(a) z (b) (V2-1) R 
R R 
(c) —_—— (d) -= 
(2+1) J2 
Solution (b) so orh= J7- R 
1+2 


21. A pendulum clock which keeps correct time at the 
surface of the earth is taken into a mine then 
(a) it keeps correct time. (b) it gains time. 
(c) it loses time. (d) none of these. 


l 
Solution (c) T=2r 4 as g decreases, T increases. .. it 
8 


loses time. 


Gravitation 


22. Find the velocity of the earth at which it should rotate 
so that weight of a body becomes zero at the equator. 
(a) 1.25 rads! (b) 1.25 x 107 rad s7! 
(c) 1.25 x 10? rad s7! (d) 1.25 x 10% rad s7! 


Solution (d) e =sf1-2] -ooro = j$ 
8 


10 
z N a = 1.25 trads 
6400x10° 800 ad 


23. The radius of a planet is R, and a satellite revolves 
around it in a radius R,. Time period of revolution is 
T. Find the acceleration due to gravity. 


4r’ R? 4r’ R? 
(a) — (b) = 
RT RT 
2m’ R? 4m’ R 
(c) Ta (d) = z 
1 
3 
rR Amr? R? 
T= 2 GM= z 
Solution (a) ar or T 
a- GM _47°R, 
R RT ` 


24. A pendulum having a bob of mass m is hanging in 
a ship sailing along the equator from east to west. 
When the ship is stationary with respect to water, 
the tension in the string is T. Find the difference 
between tensions when the ship is sailing with a 


velocity v. 

(a) mow (b) 2 mv@ 
MVO 

© (Ņ=V2 mv 


Solution (b) 2 mvw Additional force is coroilis force 
which acts perpendicular to the plane of motion. 


25. A solid sphere of mass m and radius r is placed inside 
a hollow thin spherical shell of mass M and radius R 
as shown in this Figure. A particle of mass m’ is placed 
on the line joining the two centres at a distance x from 
the point of contact of the sphere and shell. Find the 
magnitude of force (gravitational) on this particle when 
2r<x<2R. 


N 


LL 


(a) = ' (b) Gm m l 
x (x-r) 
(c) ae n —_ (d) ll ll 
x x (x-r) (x— R) 
Solution (b) K aua 
(x-r) 


26. A satellite is in a circular orbit of radius r. At some 
point it is given an impulse along its direction of motion 
causing its velocity to increase n times. It now goes into 
an elliptical orbit with the planet at the centre of the 
ellipse. The maximum possible value of n could be 


(a) 2 (b) 2 


(c) V2 +1 (d) F 


Solution (a) For satellite to revolve around the planet 


v SV, 
a n< 2 


27. A dense sphere of mass M is placed at the centre of a 
circle of radius R. Find the work done when a particle of 
mass m is brought from A to B along a circle as shown 
in the figure below. 


and v= V2 V, 


G Mm 
pe 

(a) zero (b) R 
G Mm 2G Mm 

(c) -R (d) R 


Solution (a) W= APE =0 


28. A,B, Cand D are four masses each of mass m lying on 
the vertices of a square of side ‘a’. They always move 
along a common circle with velocity v. Find v so that 
they always remain on the vertices of the square. 


6.16 
[em (22 +1) GM (V2 +1) 
pe ee by goo 
(a) oF (b) a 
o Jom V20 +D ay done 
a 


A=|A| <> |F +F,|=V2 F, (See Fig Q.3) 


2 
mv 


Solution (a) F...=VJ2 F,+F,= 


V2 a= 2Ror R=- 


2 2 2 
o 2 _ mv 2 
a a 


a 


ee [em (N2 +1) 
2/2a 


A planet of mass m moves along an ellipse so that 
perihelion and aphelion distances are r, and r,. Find 
the angular momentum of the planet. 


ee GM „nr, i 2GM nr, 
r +r, Le 


(c) m IGM , (7, +r) (d) m,/2GM ,(r, +r,) 


29. 


32. 


2 or 
r 
Solution (b) mv, r, = mv, r, or v2 =u? (2 33. 
l 
. —GmM, © mv; 
Using energy conservation ————~ + ~~ 
I 


—GmM , - mv; 


or 
2GM r, 
or v,=,/———~ 
nn +r, ) 
|[2GM 
and L = mvo, r, =m ee 
ntn, 


At what height over the earth’s pole the freefall 
acceleration decreases by 1% 


30. 


(a) 64km (b) 16km 
(c) 8km (d) 32km 
Solution (d) g’ = 9(1-28) 2 or h = 32 km 34. 
RJR 100 


A satellite of moon revolves around it in a radius n 
times the radius of moon (R). Due to cosmic dust it 
experiences a resistance F = av’. Find how long it will 
stay in the orbit. 


31. 


dv 
ss 2 — Z —— 
Solution (b) m q 7% dt or 2 


Gravitation 


R 
(a) —— vn (b) n JE -n 
AR 
m (Vn -1) mv, 
(c) u o (d) æ v? 


dv dadt 


[GM 
and v =,4/——. 
r 
[GM [GM 
We know v = aR and v,= R 


l l m 
MTE a E n, i E 
æ | Ù; V} [GM 
‘Od _ 
R 


A particle is projected with a velocity 15 km s”'. Find 
its velocity in the space far off from the earth. 

(a) 3.8 km s7 (b) 7.6 km s7! 

(c) 10 km s” (d) 11.2 km s” 


Solution (c) v; =v} -v= 15- (11.2) 


v, = 10 km s” 


Find the minimum velocity to be imparted to a body 
so that it escapes the solar system 


2GM 2GM 

(a) G Eg G S 

R; R 
2GM M 
(by na OM 
R; Ksg 
M 
(c) a-y Se 4G s 
R, Roe 

(d) none 


] ] l 
Solution (b) z" vb,” = m v? +m (Av)? 


or o=o ep l)*v; 


2GM , 2GM , 


where v = and V, = 


E SE 
R is the orbital distance of earth from the sun. 


R, is the radius of the earth. 
A tunnel is dug along a chord of the earth at a 
R 
perpendicular ale from the earth’s centre. 


Assume wall of the tunnel is frictionless. Find the force 
exerted by the wall on mass m at a distance x from the 
centre of the tunnel. 


Gravitation 


R? 
— +x? 
Solution (c) F= mg' = mg|1-— - 
2 
mg RA +a? oe mg 


R Te /, 2 3 
fy +X 
35. A body weighs | kg by a spring balance at the north 
pole. What will it weigh at the equator? 


(a) 0.977 kg (b) 0.967 kg 
(c) 0.987 kg (d) 0.997 kg 


fe" 
g 

_ „|; _6400x10° x (27) 
7 10 x (3600 x 24)? 


Solution (d) mg’ = mg [ = 


= 0.997 kg 


36. Let V, and E, denote gravitational potential and field 
respectively, then it 1s possible to have 
(a) V.=0,E,=0 (b) V,#0,E =0 
(c) V,=0, E40 (d) V, 40, E40 


Solution (a, b, d) 


37. Which of the following quantities remain constant in 
a planetary system when seen from the surface of the 


sun. 
(a) KE (b) angular speed 
(c) speed (d) angular momentum 


(e) binding energy 
Solution (d) & (e) 


38. The gravitational potential (V_) and gravitational field 
(E) are plotted against distance r from the centre 
of a uniform spherical shell. Consider the following 
statement 
(A) The plot of V, against r is discontinuous. 

(B) The plot of E, against r is discontinuous. 


(a) both A and B are correct. 
(b) both A and B are wrong. 
(c) Ais correct but B is wrong. 
(d) B is correct but A is wrong. 


Solution (d) 


39. Two satellites X and Y move round the earth in the same 
orbit. The mass of B is twice that of A. Then 
(a) vb, =v, 
(b) KE,=KE, 
(c) (KE + PE), = (KE + PE), 
(d) PE,=PE, 


Solution (a) 


40. Find the work done to take a particle of mass m from 
surface of the earth to a height equal to 2R. 


mgR 
(a) 2mgR (b) Ss 
(c) 3mgR @ =e 


1 1 
d W= = GM m| —- — 
Solution (d) APE = G m| 7 | 


= 2GMm _2 gm R. 


3R 3 


41. Find the height at which the weight will be same as at 
the same depth from the surface of the earth. 


R 
(a) > (b) /5 R-R 
c) SRR (a) VRR 
2 2 
Solution (c) —— =g1-* 


(+s) > 4 
l+— i 4 
R 
2 


x —-ltV1+4 
or — = 
R 2 
V5R—-R 
or x= 7 


42. Velocity of a satellite is v, < v < v, then 
(a) its orbit is open. 
(b) its orbit is closed and circular. 
(c) its orbit is closed and parabolic. 
(d) its orbit is closed and elliptical. 
(e) none of these 


Solution (d) 
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PRACTICE EXERCISE 3 
(UNSOLVED) 


Use the assumptions of the previous question. An 
object weighed by a spring balance at the equator 
gives the same reading as a reading taken at a depth d 
below the earth’s surface at a pole (d << R). The value 
of dis 


(a) ao” R? (b) o’ R 
g 2g 
2 p2 R 

(c) 2o R (d) NAS 
g © 


Take the effect of bulging of earth and its rotation in 

account. Consider the following statements. 

(A) There are points outside the earth where the value 
of g is equal to its value at the equator. 

(B) There are points outside the earth where the value 
of g is equal to its value at the poles. 


(a) Both A and B are correct. 
(b) A is correct but B is wrong. 
(c) B is correct but A is wrong. 
(d) Both A and B are wrong. 


The time period of an earth-satellite in circular orbitis 
independent of 

(a) the mass of the satellite. 

(b) radius of the orbit. 

(c) none of them. 

(d) both of them. 


The magnitude of gravitational potential energy of the 
moon-earth system is U with zero potential energy at 
infinite separation. The kinetic energy of the moon with 
respect to the earth is K. 
(a) U<K 
(c) U=K 


(b) U>K 
(d) none of these 


The following figure shows the elliptical path of a planet 
about the sun. The two shaded parts have equal area. 
If ż and t, be the time taken by the planet to go from a 
to b and from c to d respectively, 


d 


(a) t >t, 

(b) =£ 

(c) t >t, 

(d) insufficient information to deduce the relation 
between ¢, and f,. 


10. 


11. 


12. 


13. 


Gravitation 


A person sitting in a chair in a satellite feels weightless 

because 

(a) the earth does not attract the objects in a satellite. 

(b) the normal force by the chair on the person balances 
the earth’s attraction. 

(c) the normal force 1s zero. 

(d) the person in satellite is not accelerated. 


A body is suspended from a spring balance kept in 
a satellite. The reading of the balance is W, then the 
satellite goes in an orbit of radius R and is W, when it 
goes in an orbit of radius 2 R. 

(a) W =W, (b) W <W, 

(c) W> W, (d WW, 


The kinetic energy needed to project a body of mass m 
from the earth’s surface to infinity 1s 


l l 
a) — mgeR b) — mgR 
ag g ors g 


(c) mgR (d) 2mgR 


A particle is kept at rest at a distance R (earth’s radius) 
above the earth’s surface. The minimum speed with 
which it should be projected so that it does not return is 


GM GM 

2 be 
a 4R a 2R 
R R 


A satellite is orbiting the earth close to its surface. A 
particle is to be projected from the satellite to just escape 
from the earth. The escape speed from the earth is v.. 
Its speed with respect to the satellite 

(a) will be less than v, 

(b) will be more than v. 

(c) will be equal to v, 

(d) will depend on direction of projection. 


A uniform spherical shell gradually shrinks maintaining 
its shape. The gravitational potential at the centre 

(a) increases (b) decreases 

(c) remains constant (d) oscillates 


Two satellites A and B move round the earth in the same 

orbit. The mass of B is twice the mass of A. 

(a) Speeds of A and B are equal. 

(b) The potential energy of earth + A is same as that 
of earth + B. 

(c) The kinetic energy of A and B are equal. 

(d) The total energy of earth + A is same as that of 
earth + B. 


Which of the following quantities remain constant in 
a planetory motion (consider elliptical orbits) as seen 
from the sun? 


Gravitation 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


(a) Speed 
(c) Kinetic energy 


(b) Angular speed 
(d) Angular momentum 


The velocity of a satellite in a parking orbit is— 
(a) 8km/s (b) 3.1 km/s 
(c) 2.35 km/s (d) Zero 


The distances of two satellites P and Q from earth are 
in the ratio 3 : 1. The ratio of their total energy will be 
(a) 3:1 (b) 1:3 


l 
1:1 d) —:1 
(c) ae 


Two satellites P and Q of same mass are revolving near 
the earth surface in the equatorial plane. The satellite 
P moves in the direction of rotation of earth whereas 
Q moves in the opposite direction. The ratio of their 
kinetic energies with respect to a frame attached to earth 


will be 
$262) : ge 
a | 5437 () | 3363 
8363 7437 
(c) —— (d) —— 
7437 8363 


The semi-major axes of the orbits of Mercury and 
Mars in the astronomical units are 0.387 and 1.524 
respectively. 

If the time period of Mercury is 0.241 year, then the 
time period of Mars will be 


(a) 0.9 Year 
(c) 1.9 Year 


(b) 0.19 Year 
(d) 2.9 Years 


If the orbital speed of moon is increased by 41.4% then 
moon will 

(a) leave its orbit and will escape out. 

(b) fall on earth. 

(c) attract all bodies on earth towards it. 

(d) have time period equal to 27 days. 


Two artificial satellites P and Q are revolving round 
the earth in circular orbits. If the ratio of their radii is 
1 : 4 and ratio of their masses is 3: 1 then the ratio of 
their time periods will be 


l 
(a) 8 
(c) 4 


(b) 8 
(d) 3 


Three particles of equal mass m are situated at the 
vertices of an equilateral triangle of side 1. The work 
done in increasing the side of the triangle to 21 will be 


2 
(a) 3G,m (b) Gm 
21 21 
3Gm? 3Gm? 
(c) a (d) 


A space ship is released in a circular orbit near earth 
surface. How much additional velocity will have 
to be given to the ship in order to escape out of this orbit. 
(a) 3.28 m/s (b) 3.28 x 10° m/s 
(b) 3.28 x 10’ m/s (d) 3.28 x 103% m/s 


22. 


23. 


24. 


25. 


26. 


Zi. 


28. 


29. 


30. 


6.19 


The centripetal force acting on a satellite revolving 
round the earth is F. The gravitational force on that 
planet is also F. The resultant force on the satellite is 
(a) Zero (b) F 


F 
2 F d) — 
(c) (d) 3 


If the force inside earth surface varies as rx then the 
value of x will be (r = distance of body from centre of 
earth) 

(a) x=-l 
(c) x=] 


(b) x=-2 
(d) x=2 


An artificial satellite is revolving round the earth. The 
radius of its circular orbit is half the orbital radius of 
moon. The time taken by this satellite in completing 
one revolution will be 
(a) 2 lunar months. 

(c) 2-*? lunar months. 


(b) 2° lunar months. 
(d) 1/2 lunar months. 


The value of acceleration due to gravity at height h from 
earth surface will become half its value on the surface 
if (R = radius of earth) 

(a) h=R (b) h=2R 


(c)h=V2 l (d h= V2 +1) 


If Ve is the escape velocity of a body from a planet of 
mass M and radius R. Then, the velocity of satellite 
revolving at height A from the surface of planet 
will be 


(a) v=v,JR/(R+h) (b) v=v,J2R/(R+h) 


(©) v=v, (R+h)/R (d v=v,JR/2(R+h) 
The orbital radius of moon around the earth is 3.8 x 108 
meter and its time period is 27.3 days. The centripetal 
acceleration of moon will be 

(a) —2.4 x 10° m/s? (b) 11.2 m/s? 

(c) 2.7 x 10° m/s? (d) 9.8 m/s? 


The change in the value of acceleration of earth towards 
sun, when the moon comes from the position of solar 
eclipse to the position on the other side of earth in line 
with sun is (mass of moon = 7.36 x 10” kg., the orbital 
radius of moon 3.82 x 108 m) 

(a) 6.73 x 10 m/s? (b) 6.73 x 10° m/s? 

(c) 6.73 x 10+ m/s? (d) 6.73 x 10° m/s? 


A projectile is fired from the surface of earth with initial 
velocity of 10 km/sec. If the radius of earth is 6400 km. 
how high will it go from earth surface 

(a) 2500 km (b) 2500 km 

(c) 2.5 x 10*km (d) 2.5 x 10°km 


A satellite is launched in a circular orbit of radius R and 
another satellite is launched in circular orbit of radius 
1.01 R. The time period of second satellite is different 
from that of the first satellite by 

(a) 1.5% increased (b) 1% decreased 

(c) 1% increased (d) 1.5% decreased 
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34. 


35. 


36. 


37. 


38. 


39. 


How far must a particle be on the line joining earth to 
sun, in order that the gravitational pull on it due to sun 
is counterbalanced by that due to earth?. (Given orbital 
radius of earth is 10® km and Ms = 3.24 x 10° ME) 

(a) 64x 10°km (b) 1.75 x 10? km 

(c) 1.75 x 10° km (d) 6400 km 


A satellite is projected with a velocity V1.5. times its 
orbital velocity just above earth atmosphere. The initial 
velocity of the satellite is parallel to the surface. The 
maximum distance of the satellite from earth will be 
(a) 2R (b) 8R 

(c) 4R (d) 3R 


The gravitational potential difference between the 
surface of a planet and a point 20 m above the surface 
is 2 Joule/kg. If the gravitational field is uniform then 
the work done in carrying a5 Kg body to a height of 4 
m above the surface is 
(a) 2 Joule 

(c) 40 Joule 


(b) 20 Joule 
(d) 10 Joule 


A sky laboratory of mass 2 x 10°Lg is raised from a 
circular orbit of radius 2 R to a circular orbit of radius 
3 R. The work done is approximately. 

(a) 1 x 10!*Joule (b) 2x 10!° 

(c) 1x 10®Joule (d) 3x 10! Joule 


A planet revolves round the sun. Its velocity at the 
nearest point, distant d, from sun, is v,. The velocity of 
the planet at the farthest point distant d, from sun will 


d?v, d v, 
a b 
(a) rr (b) 7 
dv d-y 
(c) 1”1 (d) 2 
d d? 


If the change in the value-of g at height h above earth 
surface is the same as that at depth x (x or h < Re), then 
(a) x=h° (b) x=h 

h 


(c) raS (d) x=2h 

The escape velocity on a planet with radius double that 
of earth and mean density equal to that of earth will be 
(escape velocity on earth = 11.2 km/s). 

(a) 11 km/s (b) 22 km/s 

(c) 5.5 km/s (d) 15.5km/s 


The acceleration due to gravity at a place is g m/s? A 
lead sphere of density d kg/m? is dropped into a liquid 
column of density p kg/m’. If d > p then the sphere will 
fall down with 

(a) g acceleration. 

(b) without acceleration. 

(c) acceleration. 

(d) with an acceleration g (p/d). 


A tunnel is dug along a diameter of earth. The force on 
a particle of mass of distant x from the centre in this 
tunnel will be 
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Gravitation 
GM m GM mR? 
(a) m (b) ———— 
Rx x 
GM „mx GM „mx 
(c) : (d) e 
R R? 


A balloon filled with hydrogen gas is carried from earth 
on moon. Then the balloon will 

(a) neither fall nor rise. 

(b) fall with acceleration less than g. 

(c) fall with acceleration g. 

(d) rise with acceleration g. 


An artificial satellite is revolving close to earth. Its 
orbital velocity mainly depends upon 

(a) the mass of earth (b) the radius of earth 

(c) the orbital radius (d) the mass of satellite 


The potential energy of a rocket of mass 100 kg at 
height 10’ m from earth surface is 4 x 10° joule. The 
weight of the rocket at height 10° will be 
(a) 4x 10?N (b) 4x 103N 
(c) 8x 102N (d) 8x 10°N 


A communication satellite is carried from one orbit to 
another orbit, with radius double that of the first. Its 
time period in the new orbit will be 


(a) 22 Hours (b) 44/2 Hours 
(c) 24 Hours (d) 48 Hours 


The value of G for two bodies in vacuum is 
6.67 x 10! N/m?’/kg? Its value in a dense medium of 
density 101° gm/cm? will be 

(a) 6.67 x 10-1! N/m”/kg 

(b) 6.67 x 10°! N/m7/kg 

(c) 6.67 x 107! N/m/kg 

(d) 6.67 x 10°°N/m2/kg 


The length of the day from today when the sun is 

directly overhead till tomorrow again when the sun is 

directly overhead can be determined by the 

(a) rotation of earth about its own axis. 

(b) revolution of earth around sun. 

(c) inclination of axis of rotation of earth from the 
plane of revolution. 

(d) rotation of earth about its own axis as well as its 
revolution around sun. 


Two satellites of mass m, and m, (m, > m,) revolve 
round the earth in circular orbits of radii r, and r, 
respectively (r, > r,) Their speeds are related as 


(a) v =v, (b) v <v, 
(c) v >v, (d) oe VI, 
r 


Presuming earth to be a uniform sphere, a scientist A 

goes deep inside a mine and another scientist B goes 

high in a balloon above earth surface. The intensity of 

gravitational field 

(a) decreases when measured by A and increases when 
measured by B. 


Gravitation 


48. 


49. 


(b) decreases when measured by B and increases when 
measured by A. 

(c) decreases when measured by both. 

(d) remains constant when measured by both. 


A person jumps from the fifth storey of a building with 
load on his head. The weight experienced by him before 
reaching the earth will be 

(a) Zero (b) g kg/wt 

(c) m (g +a) (d) mg 


Two artificial satellites of unequal masses are revolving 
in a circular orbit around the earth with a constant speed. 
Their time periods 


Answers to Practice Exercise 3 


(a) 2. (b) 3. (a) 4. 
(c) 9. (o) 10. (d) 11. 
(b) 16. (a) 17. (c) 18. 
(b) 23. (o) 24. (o) 25. 
(c) 30. (a) 31. (b) 32. 
(d) 37. (b) 38. (b) 39. 
(b) 44. (a) 45. (b) 46. 
(b) 
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will be different. 

will be same. 

will depend on their masses. 

will depend upon the place of their projection. 


(a) 
(b) 
(c) 
(d) 


The mass of earth is 80 times that of moon. Their 
diameters are 12800 km and 3200 km respectively. 
The value of g on moon will be, if its value on earth is 
980 cm/s? 

(a) 98 cm/s? 

(b) 196 cm/s? 

(c) 100 cm/s? 

(d) 294 cm/s? 


5. (b) 6> (o) 7. (a 
12. (a) 13. (d) 14. (b) 
19. (a) 20. (o) 21. (b) 
26. (d) 27. (o) 28. (d) 
33. (a) 34. (b) 35. (o) 
40. (b) 41. (b) 42. (a) 
47. (c) 48. (a) 49. (b) 
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Elastic behaviour, Stress-strain relationship, Hooke’s Law, Young's modulus, bulk modulus, modulus of rigidity. Pressure 
due to a fluid column; Pascal’s law and its applications. Viscosity, Stokes’ law, terminal velocity, streamline and turbulent 


flow, Reynolds number. Bernoulli's principle and its applications. Surface energy and surface tension, angle of contact, 
application of surface tension—drops, bubbles and capillary rise. 


BRIEF REVIEW 


We know atoms and molecules constitute matter. An atom 
consists of nucleus and forces operating between different 
nucleons are responsible for the structure of nucleus. 
Electromagnetic forces operate between a pair of electrons 
and between electrons and nucleus. These forces form the 
structure of a molecule. These interatomic or molecular 
forces are responsible for the structure of the material. 


Interatomic and Inter Molecular Forces The forces 
between two atoms can be typically represented by the 
potential energy curve shown in Fig. 7.1. 


(Interatomic 
Separation) 


Fig. 7.1 Interatomic forces vs interatomic spacing 


The zero of PE is taken when atoms are widely 
separated, i.e., (r > œ). The minimum PE indicates 
equilibrium position (r= r,). Interatomic force is a result of 
attractive and repulsive forces. When r < r,, repulsive force 
dominates, and for r > r, attractive force dominates. At 
r = r the repulsive and attractive forces are balanced. 


Therefore, at r= r, du _ QO=F 
dr 


l l l 
Attractive forces < — and repulsive forces are 


7 
r 
proportional to 23 , Le., U = a — = 
r r r 
= zlu 
dr 


. wt pho ZA 
Repulsive force contribution is —=, and attractive 
r 


force contribution is 


r 

Force between identical molecules is termed as 
cohesive force and force between dissimilar molecules is 
called adhesive force. 


The range of molecular force is of the order of 10-0 m. 
A sphere around a molecule having a radius equal to the 
range of molecular force is called sphere of molecular action 
of that molecule. 


Bonds The electromagnetic interaction between electron 
and nuclei results in bonds. Some important examples 
are ionic or electrovalent, covalent bonding and metallic 
bonding. 


In solids, separation between atom 1s of the order of ae 
In liquids, atomic separation is slightly greater than r, and 
in liquids r >> r, 


Due to stong, interatomic forces atoms or ions, in 
solids, stay in their equilibrium position. If these equilibrium 
positions have a very regular 3-dimensional arrangement, 
such solids are called Crystals. The position occupied by the 
molecules or the ions are called lattice points. Crystalline 
solids are of 4 types depending upon the nature of bonding 
between the ionic units. 
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Molecules are formed due to covalent bonding between 
the atoms. Bonding may be polar or nonpolar. If the centre 
of negative charges coincides with centre of positive charge 
then molecule is nonpolar. Molecules of H,, O,, Cl, and so 
on are nonpolar. Otherwise molecules are said to be polar. 
For example, H,O (water) is polar compound. Bond between 
polar compound is called dipole — dipole bond and bond 
between nonpolar molecules is called Vanderwaal’s bond. 
Molecular solids are usually soft and have low melting 
points. They are poor conductors of electricity. Lattice, in 
Ionic solids, are occupied by positive and negative ions. 
Electrostatic forces between the ions bond the solids. Since 
these attractive forces are very strong, these materials are 
usually hard and have high melting points. They are poor 
conductor of electricity. However, in molten or aqueous 
solution form they conduct electricity. 


In covalent solids, atoms are arranged in the crystalline 
form. The neighbouring atoms are bonded by shared 
electrons. Large solid structures are possible. Silicon, 
diamond are examples. These are quite hard and poor 
conductor of electricity. 


In metallic solids, positive ions are situated at the 
Lattice sites. The ions are formed by detatching one or 
more electron from the constituent atoms. These electrons 
are highly mobile and move throughout the solid just like a 
gas. They are good conductors of electricity. 


Amor phous or Glassy solids do not exhibit short range 
ordering instead of long range ordering. They only show 
local ordering. Four or five molecules are bonded together 
to form a structure. Such independent units are randomly 
arranged just like liquids. However, intermolecular force 
in amorphous solid form are much stronger than those in 
liquids. This presents the amorphous solid to flow like a 
liquid. These solids do not have a well defined melting point. 


Homogeneous bodies having identical properties in 
all directions are called isotropic. Heterogeneous bodies 
having different properties in different directions are called 
anistropic. 


Elasticity A body is said to be elastic if on releasing 
deforming force it regains its original shape. If it retains 
its new size or shape after removal of deforming force, it 
is said to be plastic. Fig. 7.2 (a) and 7.3 (b) show stress vs 
strain diagrams for a brittle and ductile material respectively. 


stess 


Brittle Material 


O 


strain 


Fig. 7.2 (a) Stress vs strain for plastic body 
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Hooke’'s Law under elastic limit stress o strain 


or Stress _ Elastic modulus. 


strain 


The stress at yield point b in Fig. 7.2 (b) is called 
elastic limit. The elastic behaviour ends at this point. Beyond 
c plastic deformation occurs. d is fracture point. Plastic 
deformation is irreversible. The stress required to cause 
actual fracture of a material is called the breaking stress or 
the ultimate stress or the tensile stress. More the cd part 
more ductile is the material. 


elastic limit or yield 
(Pa) point 
x breaking stress 
d 


fracture point 


propotional 
limit plastic flow or 


deformation 


ductile 
plastic material 


behaviour 


behaviour 
—— set 


< 1% strain 


30% 


Fig. 7.2 (b) Stress vs strain for an elastic body 


Breaking stress 


Working stress = Safety factor 


tensile stress _ F,/A 


Young’s molecules Y = SS ala 
tensile strain Al/l 


_ Fl _ mgl 
AAL AAI 


volumetric stress E P 
volumetric strain AVG 


=V 
AV 


Bulk moleculus B = 


= P and B 


isothrmal adiabatic 


= y P where y = = in gases/air 


y 


Compressibility C = = (reciprocal of Bulk modulus). 


Shear or tangential stress 
Shear strain 


= F,/A 
x/h 


Shear modulus y = 


Fih __F 


See in Fig. 7.3) or n = ae 
( j pair Ax Atan 
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Fig. 7.3 Shear modulus illustration 


_Ar 
Poi 'S Rati lateral strain roy 
OISSON S matio o = longitudinal strain sirain Al . For most 
l 


of the materials o lies between 0.18 to 0.25. Though 
theoretically o may lie between —1 to 0.5. So far no material 
with negative poisson ratio has been found. Negative Poisson 
ratio would mean that radius increases on applying stress 
along with the length. 


_4r Lateral Strain 
r 


5 Al Longitudinal 
i j / Strain 


Fig. 7.4 Lateral and longitudinal strain 


Relation between Y, B, y anda 


Y 
ATEL 
Y 
—=2 (1+0); 
7 ( ) 
9nB 
aa n+3B 
oa l-20 doz 3B -2n 
3B (1+0)  ° > 27 +3B) 


Torsional rigidity (c) Torsional couple G = CQ, Torsional 


anr* T 
rigidity C = r and — = y where T is tangential stress. 


p 
xO 


l 


Hastic potential Energy U =o (Al)? in a stretched 


wire. U = Force x Stretch 


n 


U = — stress x strain x volume => CO 


2 


73 


Elastic potential Energy per unit Volume 


u= stress x strain 


n|— 


Note: An impurity with higher elasticity increases the 
elasticity of material if added and an impurity of less 
elasticity decreases the net elasticity of the material 


Note: Elasticity of the material decreases on heating. 
Elasticity of Invar steel remains unaffected with temperature. 
Thermal stress = Y a A 0, Thermal strain = a A ĝ and B 


> Biau > Bow 
iquid gas 


solid 


Anything that can flow is called a fluid. Therefore, 
liquids and gases fall in this category. A perfect liquid is 
compressible and its shearing stress not maintainable. 


Streamlined, Steady State How By steady state or 
stationary flow we mean that at any place in a fluid, the 
velocity never changes. 


Streamline It is a curve tangent to which at any point 
gives the direction of fluid velocity at that point. 


Equation of Continuity 
Volume entering per second 


Volume leaving per second = 


or A, V, =A, V, 


Where A and A, are area of cross-section of a pipe at 
enterance and leaving points and v, and v, are velocities at 
the respective points as shown in Fig. 7.5 (a). Fig. 7.5 (b) 
shows variation of velocity with area of cross-section. 


Fig. 7.5 (a) Equation of continuity illustration 


< 


Velocity of flow 


Area of cross-section 


Fig. 7.5 (b) Velocity vs area of cross-section 


Bernoulli's Theorem It states that total energy of a 
(flowing) liquid is constant. That is, 


KE + PE + Pressure head energy = Constant 


l 
2 mv? + mgh + PAV = constant 


l 
or j pV +p gh +P = Constant 


In a horizontal pipe + p v’ + P = Constant 


Torricellis Theorem According to this theorem velocity 
of efflux 


| 7.4 
Venn = 29 (H —h) . See Fig. 7.6 


Fig. 7.6 Velocity of efflux from an open vessel 


Velocity of efflux from a closed vessel having Pressure P 
inside (See Fig. 7.7). 


Fig. 7.7 Velocity of efflux from a closed vessel 


l e e 
P=P_ + —pv’ where P__ is atmospheric pressure. 
atm 2 atm 


[AP - Pan 
OM 
p 


Dynamic ftor Magnus Effect When a ball is spinning 
in a fluid as shown in Fig. 7.8, the resultant velocity at the 
top (above the ball) increases and resultant velocity below 
the ball decreases. If v, and v, are velocities of liquid 
and spinning ball respectively. The ball experiences an 
upward thrust. Such a phenomenon is called dynamic lift or 
Magnus effect. 


Fig. 7.8 Dynamic lift illustration 


Venturimeter 


P,—P,=Hpg (See Fig. 7.9) 


a i et 
Pg 22g pg 2g’ 
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P-P, V, v 
or = 
p8 28 
H pg “p z 
o ~~ aa ye 
pe 2g|a A 
2 Hg 
or V=aA rar 
a 


Fig. 7.9 Venturimeter 


Surface Tension. The property of the liquid with which 
the surface behaves as a stretched membrane and can support 
small objects placed on its surface. 


Surface tension = Surface energy 


Surface energy is defined as work done due to surface 
tension per unit area. Dimensional formula of surface tension 
[MT~*] Force per unit length. Consider two molecules 
of a liquid X on the surface and Y inside as illustrated in 
Fig. 7.10. Y is completely balanced due to forces exerted 
by other molecules of the liquid. X has unbalanced forces. 
The Figure clearly demontrates why the surface of a liquid 
behaves as a stretched membrane. The molecular force 
between the molecules of a liquid is cohesive force. Due 
to surface tension a liquid would try to acquire minimum 
surface area with maximum volume. Therefore, the 
drops acquire spherical shape. 


Fig. 7.10 Surface tension illustration 


AP = a if the 
r 


Excess pressure in a Drop/ Bubble 


bubble has one surface like air bubble. Where T is surface 
tension and r is radius. 


If a bubble has two surfaces, like soap bubble, then 


excess pressure is AP = ae: . See Fig. 7.11. 
r 
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Surface 


drop has 1-surface 


Surface 


bubble in a liquid, e.g., bubble in air like soap 
air bubble has 1-surface bubble has two surfaces 


(b) (c) 
Fig. 7.11 


Angle of contact is the angle between the tangent to the liquid 
vapour interface and liquid solid interface. In other words it 
is the angle between the tangent to the meniscus (at the point 
of contact) and wall of the container. As illustrated in Fig. 
7.12 convex upward meniscus makes obtuse angle of contact, 
and, concave upward meniscus makes acute angle of contact. 


Convex Concave 
upward upward 
meniscus mensicus 
(obtuse angle (acute angle 


of contact) of contact) 


Fig. 7.12 


Liquids like water, alcohol, ether, CCl, (Carbon 
tetrachloride) xylene, glycerine and acetic acid have angle 
of contact zero or nearly zero with glass. Meniscus may be 
concave upward or convex upward. 


Table 7.1 Comparison of concave upward and convex 
upward meniscus 


Convex upward 
meniscus 


Concave upward 
meniscus 

1. Angle of contact is acute. 

2. Adhesive force between 
the liquid molecules and 
molecules of glass (wall 
of the container) is greater 
than cohesive force 
between liquid molecules. 

3. The liquid wets the walls 
of the container 


Angle of contact is obtuse 
Cohesive force between 
liquid molecules is greater 
than adhesive force 
between the molecules 

of liquid and wall of the 
container. 

The liquid does not wet the 
walls of the container 
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Hg has angle of contact 138° with the glass and angle 
of contact of water with chromium is 160°. 


Ascent of Liquid in a Capillary Tube 


2T cos@ 
h= if meniscus is not taken into account. 
rpg 
2T cos@ 
h = — — if meniscus is also taken into 
rps 3 
account. 
2T 
h= ifĝ=0 
rpg 


Note: If angle of contact @ is acute or meniscus is concave 
liquid rises in the capillary. If the angle of contact is obtuse 
or meniscus is convex upward then liquid dips as cos @ will 
be negative as shown in Fig. 7.13 (b). 


Concave 
meniscus liquid 
rises in the 
capillary tube 


Convex 
meniscus liquid 
dips in the 
capillary. 


Fig. 7.13 (b) 


If the liquid rises in a capillary and capillary is of 
insufficient height then the excess liquid will collect in the 
form of a drop at the top as shown in Fig. 7.14 but does not 
fall. That is no overflow will take place. If overflow would have 
taken place liquid would have risen again. Thus, a prepetual 
motion would have begun and such a motion is disallowed. 


+ excess liquid 
collects as a 
drop 


Fig. 7.14 
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In Jaeger’s method surface tension is estimated by 
T= : (Ho — hp) g where r is radius of the capillary, o 


is density of Xylol and p is the density of liquid under 
investigation. h is the depth of the capillary below the surface 
and H is the difference in two levels of the U tube. Fig. 7.15 
illustrates Jaeger’s method. 


Fig. 7.15 Jaeger method illustration 


Quinke’s Method If a big drop is placed on a clean 
glass plate then angle of contact @ is determined by 
(see Fig. 7.16). 


Fig. 7.16 Angle of contact measurement using 
Quinke’s method 


2 
cos 0= | E . The method is applicable for liquids 


making obtuse angle of contact or which do not wet the wall 
of the container. 


Velocity of a simple harmonic wave on the surface of 


| A 
a liquid v = n . Itis valid only if the amplitude of circular 


vibration is very small as compared to the wavelength A. If 
A ; 42°T 
on\° pa? j) 


Energy Erequired to split a big drop of radius 
Rinto n small drops each of radius r 


the amplitude is large then v = 


1 
E=4n ne i <4) T= 42k} -1 T 


where R = ns r 


Same amount of energy will be released when n 
drops each of radius r coalesce to form a big drop of 
radius R. 


Viscosity The property of a fluid to oppose relative motion 
between its layers is called viscosity. This property can be 
observed when the flow 1s steady or the liquid moves with 
a constant velocity. The flow may be called laminar. The 
Opposition is due to intermolecular forces (cohesive force). 
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Fig. 7.17 shows the velocity of the layers decreases in a 
direction perpendicular to the flow. 


—_——_o a A 
—___________» | 

2 etc dy 

Tc 


Fig. 7.17 Viscosity shows velocity gradient 
dv 


F 
Therefore, shearing stress F œ velocity gradient dy 


(Rate of change of strain). 


dv 
or F=-nA a where y is coefficient of viscosity. 


Dimensions of y [ML T"] SI unit Poiseuille (PJ) and 
CGS unit is Poise 


| Pl= 10 poise. 


Since the coefficient of viscosity 1s the ratio of shearing 
stress to the rate of change of strain, it may be regarded as 
transient or fugitive rigidity. Maxwell regarded viscosity 
as the limiting case of elastic solid. 


Note viscosity of liquids is greater than that of gases. 
For example, viscosity of water is 0.01 poise while that of 
air is 200 u poise. 


The motion profile of a liquid in a capillary is parabolic 
as shown in Fig. 7.18. 


wall v =0 


tube axis 


wall v = 0 


Fig. 7.18 Motion profile of a liquid in a capillary (Note 
parabolic profile) 


a 


= Y) 
Velocity of flow is maximum when y = 0 (along the 
2 
r 
axis of tube) and is v „= AnL 


r is radius of the tube, L is length of tube and p is 
pressure difference. 


Velocity of flow is zero at the walls when y= 7, v =0. 


Critical Velocity The velocity at which steady or 
laminar flow changes to turbulant or eddy flow is called 
critical velocity. 


pu,D 
Reynolds number R = 7 Reynolds number R is 


dimensionless. 
Rn 
or v= PD’ 
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It has been found if R < 2000, flow is steady and if 

R > 3000 flow is turbulant. For water R < 2000 corresponds 
to v < 20 cm s~ at 20° C. 
ls 

pv, D | 3P? _ inertial force 

on W 


is diameter of 


viscous drag 


the tube. 
Kinematic viscosity is p Its unit is stokes. 


Stoke’s Formula The viscous force opposing the motion 
of a sphere is F = 6z y rv when a sphere travels through 
a fluid as illustrated in Fig. 7.19 (a). Velocity u is called 
terminal velocity. 


4 tog i 
3 °° ve Terminal Velocity _ 
f = 6zyrv 
W =—zr°pg time or distance 
(a) (b) 
Fig. 7.19 
2r°(p-0)g 


Terminal velocity v, = where p isdensity 


9N 
of sphere or drop and ø is density of fluid (medium). 


Note v, œ r? and v, « density p. 


Poiseuille’s Equation The amount of liquid flowing per 
second, through a tube of radius ris given by 


dV __ «Pr P 
ra = “gyl waere T is pressure gradient an = 


PE (h, — h,) 
l 
rate of flow varies with pressure head. 


. See Fig. 7.20 (a). Fig. 7.20 (b) shows how 


Manometers 
to measure 
partial pressure 


- -1 graduated 
J cylinder 


Fig. 7.20 (a) 


dt 


Rate of flow i 


Pressure head (h, — h,) 
Fig. 7.20 (b) 


Variation of viscosity with temperature in 
liquids 

h p? = A e°” where A and C are constants, p is density 
and T is temperature in Kelvins. 1.e., viscosity of the liquids 
decreases with rise in temperature. 

ForGases n=n,a T% ,i.e., in gases viscosity increases 


with rise in temperature. 


l 
In gases, coefficient of viscosity y = 3 A pC where Ais 


mean free path, p is density and Cis rms velocity of the gas. 
Searles apparatus is used to measure the viscosity of gases. 


Viscosities of two liquids can be compared using 
viscometer. Ostwald viscometer is quite common. 

M _ Ab 

Ny Ph 
are times the two liquids take to vacate the viscometer. 


where p, and p, are densities and f¢, and £, 


d 
Density: p = a units kg m™ [SI] and g cm” [CGS]. 


Relative density or specific gravity 


density of a substance 


= density of water at 4°C ` It is dimensionless and 


represents density of substance in magnitude of CGS units, 
since in CGS units p „e, = 1 g cm”. Variation of density with 
temperature p = p, (1 — y A0). 

If p, is density of mass m, and p, density of mass m, 
then density of the combination is 


mt+tm, um, 
Om mh ym 
Pi Pa Pi 
2 
p= PiP. If m, = m, (harmonic mean) 
Pi tP 
+ 
p= -e if V, = V, (Arithmatic mean) 


ae ae AP 
density increases with rise in pressure p = p,| 1+ oi 


Vo 


=Po y` 


[7.8 


dF 
Pressure (P) P= — P=P 
dS atm 


the surface of a liquid. 


+ pgh at a depth h below 


P — P „„ = p2h is called gauge pressure or partial 
pressure. Dimensions of pressure is [ML T] 


l atm = 760 torr = 1.01 x 10° Pa and 1 torr = 1 mm of Hg. 


Pressure is a scalar quantity as its direction is always 
normal to the area. Pressure is independent of amount of 
liquid, shape of the container or cross-sectional area. It 
depends only on depth below the surface, nature of the liquid 
(p) and acceleration due to gravity. Barometers are used to 
measure atmospheric pressure. Fortin’s barometer is most 
common. Manometers measure partial pressure. Pirani and 
ionization gauge is used to measure vacuum. 


Pascal Law If an external pressure is applied to an 
enclosed fluid it is transmitted undiminished to every position 
of the fluid and to the walls of the container. That is at any 
point P = P „+ p gh if we apply external pressure AP then 


P' =(P „+ AP) +p gh 


Archimedes principle and buoyancy When a body 
is immersed in a fluid wholly or partly, its weight decreases 
equal to the weight of the fluid displaced by the body. The 
upward thrust is called buoyancy and acts vertically upward 
(opposite to the weight) of the body through the centre of 
gravity of the displaced fluid (called centre of buoyancy). 


Upthrust F „= 74A og where o is the density of fluid and 
IA is the volume displaced. Note, the situation of Fig. 7.21 
carefully. See how the reading of base balance and hanging 
spring balance varies. When the suspension is independent 
of vessel, the base balance reading increases by upthrust or 
F „ When the base of the vessel also holds the rigid support 
from where block is hanged via spring balance, then reading 
of the base balance is b + mg. 


Newtons laws can be applied 


Fig. 7.21 


Note: b is weight of vessel + liquid and mg is the weight 
of block. 


Hoatation A body will float if the weight of the body mg 
< upthrust or buoyant force, 


. Working stress = 
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1.e., if P pody < Piiquig SEE Fig. 7.22 
H Da S Pima it floats 


If P pody = Priquia It JUSt floats. 


body floating 


(a) 


body just floating 


Fig. 7.22 


Short Cuts and Points to Note 


1. Note that the potential energy curve at lowest point 


shows small variations are harmonic in nature. 
Therefore, for a small compression or elongation, 
the rigid body is elastic. That is, it acquires original 
shape after removal of deforming force (provided 
elongation or compression is small) 


. Repulsion is strong when the interatomic distance 


<r the equilibrium distance and attraction is 
strong when r >r,. These forces may be termed as 
restoring forces. 


A B -du 12A 6B 
ge ge = a eae 
Atr=r,, F=0 


2A 1/6 
Thus r = (24) 


. A sphere around a molecule having a radius equal 


to the range of molecular force is called sphere of 
molecular action of that molecule. 


. Substances may be molecular, ionic, covalent or 


metallic if they are crystalline. Amorphous solids 
are glassy or super saturated supercooled fluids with 
strong inter molecular forces. Ionic solids have quite 
high melting point and are poor conductors in solid 
form and good conductors in molten or aqueous 
solution form. 


Polar molecules have dipole-dipole bond and the 
bond between nonpolar molecules is Vander waal’s. 


. Brittle substances cannot bear more strain while 


ductile substances can bear large strain. 


Breaking stress fe: RA 
Saler factor a is an importan 
parameter while designing bridge, building/gas 


cylinders etc. 


. Youngs modulus is measured using Searle’s 


Fil _ mel 
AAl AAI 


apparatus. Y= 
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11. 


12 


13. 


14, 


15. 


16. 


17. 


18. 


19. 


Bulk modulus B= Bu snema = P aNd B sanse = YP 
Cp . 
where y = C: Note: pressure is a scalar while 
V 
stress is a tensor. 
1 

Compressibility C = B 
Shear modulus y = Ful = fu 

N= Ax Atan@ 

—Ar 


: : r 

Poisson ratio o = —7V77 
—Al 

vA 


Y Y 
z = 2(1+0)3B= a: 

99B n _ 1-26 __ 3B-2n 
= H+3B’3B 1+0)’ (n +3B)' 


hagi 


Torsional couple G = C@ where C is torsional 


4 
rigidity G = C = a if = 1. 


T 
mg where @ = z and T is tangential stress. 


Elastic energy U => stress x strain x volume => 
2 
F. Al = AYAI 
21 


Elastic energy per unit volume u = — stress x Strain. 


i 


Hastic fatigue If the deforming force applied 
on the body is rapidly changed, it temporarily loses 
elastic property. This is called elastic fatigue. 


Elastic relaxation The property by virtue 
of which body does not regain its original shape 
immidiately after removal of the deforming force. 
It takes sometime to regain its original shape. 


Bending moment is Torque necessary to bend a 
beam is called bending moment C = Te where [, 


is geometric MOI of bent beam and R is radius of 


curvature. Flexural rigidity YZ, = CR. For a rod of 
3 
breadth b and thickness d, I, = a For a rod of 


mre mr, —4r*) 
circular cross — section r, [= Ss 
4 8% 4 


if the rod is hollow. 


Cantilever The beam clamped at one end and 
loaded at another as shown in the figure is called 
cantilever. 


20. 


Zi; 


22; 


23. 


24. 


Cantilever 
ô = 3YI, where I, is geometric MOI as defined in 
point 18. 


Depression produced in a beam supported at 
two ends and loaded in the middle as shown in the 
Figure is 


2 1? 
=——,,— for a circular cross-section ð= =: 
4bd `Y 12ar Y 


Elastic relaxation time is the time delay in regaining 
the original shape after removal of deforming forces. 
Elasticrelaxation time for gold, silver and phosphor 
bronze is negligible. For quartz it is minimum. 
Therefore, quartz fibre is nearly perfectly elastic. 
Putty is perfectly plastic (Putty — gypsum). 


Young’s modulu is practically equal to stress which 
will double the length of wire. 


Resilience is used to denote the work done in 

straining a body within the elastic limit Resilience 
2 2 

= A = = P or S being stress 

The greatest strain energy which can be stored in 

a body without permanent strain in called proof 

resilience. 


In a steady flow of incompressible and nonviscous 
fluid, volume entering per second, 1.¢.,A, v, =A, v, 
or Av = constant and is called equation of continuity. 
If you note carefully the water falling down from a 
tap narrows its cross-section as it falls (as velocity 
increases) as illustrated in Figure. 


Figure below shows the graph between v and A. 


V 
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25. Bernoulli’s principle is based on conservation of 
energy. Sum of KE, PE and pressure head energy 


1 
is constant, that ur p V? +p gh + P = constant 
1 2 1 2 
or zrn +pgh+P = ar +p 8h, +P, 


In a horizontal pipe p v’ + P = Constant 


Note: In a horizontal pipe liquid flows due to 
pressure difference. 

26. During a hurricane or wind tornado when the high 
speed wind flows over a straw (or tin) roof pressure 
outside P „ becomes low and pressure inside 
becomes large due to Bernoulli’s principle and the 
roof is lifted up and then blown off by the wind. See 
Figure. 


Two boats moving in the same direction come closer 
as water/wind passing in between is quitefaster and 
creates a low pressure region. 


A spinning ball shows a dynamic lift or Magnus 
effect as resultant velocity above the ball increases 
and below the ball decreases. Hence, a high pressure 
is created below the ball and it is lifted up. See 
Figure. 


P — Low V,+V, 
= 
—_— 
— 2 


P — high vT y 


In airplanes same principle is applied. Due to special 
shape of the wings, high speed wind passes over its 


2l; 


28. 


29, 


30. 


31. 


32; 
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wings when it runs on the highway creating a high 
pressure beneath the wings, which helps the airplane 
to be lifted up. 


Efflux velocity in an open tank v ma = J2 g(H -h) 


. The liquid coming out will cover maximum 


horizontal distance if H — h = h or h = Z i.e., hole 
is in the middle. If area of the hole is large then 


2 _ 2g(H -h) 


Uetaux = 7 
(a) 
A 


See Figure. 


open tank 


Velocity of efflux in a closed tank is 


2 (E nside 7 Fax) 
V effi = 4 p ° 


In venturimeter, volume flowing per second 


GY gl <L 
dt VA -a 


Surface tension is the resultant molecular force per 
unit length at the surface. 


Surface tension = Surface energy = Work done due 
to surface tension per unit area. 


Surface tension depends only on the nature of liquid 
and is independent of the area of surface or length 
of line considered. 


Surface tension is a scalar. It has a unique direction 
and need not be specified. 


Surface tension decreases with rise in temperature. 
It becomes zero at critical temperature (where 
interface between vapour and liquid disappears). See 
Figure. 


Surface tension 


Temperature 
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34. 


35. 


or 


36. 


Surface tension decreases with impurities. In case 
of soluble impurities surface tension may increase 
or decrease depending upon the nature of impurity. 
Highly soluble impurities like salt increase surface 
tension. Sparingly soluble impurities like soap 
decrease the surface tension. 


Excess pressure in a bubble/drop having one surface 


2T 
AP = —. 
r 
Excess pressure in soap bubble (bubble having two 
surfaces) AP = 2L l 
r 


Pressure just above concave meniscus in a capillary 
say at A in Figure (a) 


In convex upward meniscus just below the 
meniscus [Figure (b)] 

2T 2T 
Pa Pat P or P 5P mt 


l ae T 
Excess pressure in cylindrical surfaces AP = —. 
r 


1 1 


If there are two surfaces then AP = T = L . 


See Figure. 


31, 
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39. 


40. 


41. 
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Height to which a liquid rises in a capillary 
2T cos @ 


rps 
If effect of meniscus is also taken into account then 
j 2T cos 8 r 
= rpg 3 


Note: if ĝis acute, liquid rises. If 8 is obtuse, liquid 
will dip. 


1 . ; 
Note: hæ — or hr = constant. Figure illustrates the 
r 


variation of h with r. 


h 


If angle of contact is acute such a liquid will wet the 
walls of the container. It will make concave upward 
meniscus. 


If angle of contact is obtuse, the meniscus will be 
convex upward and the liquid does not wet the walls 
of the container. 

A water proof cement applied on a water leak 
point increases the angle of contact from acute to 
obtuse. 

In a capillary tube of insufficient height, the excess 
liquid will collect in the form of a drop at the top of 
capillary but the liquid will not overflow. 

When a big drop of radius R splits to n drops of 


radius r each or if n drops each of radius r coalesce 
to form a big drop the energy required or released 


2 
is AE = 4a r n (nó —1) 
1 
or AE = 4r RT (n^ — 1). 


Increase in the temperature of big drop when n drops 
3T|1 1 
coalesce A0 =— | —-— |. 
Jir R 


Liquids having angle of contact obtuse, their angle 
of contact can be measured using Quinke’s method. 


7.12 


See Figure. 


42. 


or 


43. 


44, 


45. 


46. 


47. 


Note: Such liquids do not wet the walls of the 
container. 

Viscosity is fluid friction or intermolecular friction 
between various layers of a liquid. SI unit is 
Poiseuille (P1) 1 Pl = 10 poise. 


Poise is CGS unit of coefficient of viscosity. 
Dimensional formula [ML T"] shearing stress 


F ~ {dv 
— « Rate of change of strain | — |. 
A dy 


F=ņA a . Viscosity is also called fugitive rigidity. 
dy 2 
2r (p-0)8g 
9N 
r°. More the density of fluid in which a drop or 


spherical body is falling, less would be the terminal 
velocity. Terminal velocity is based on Stoke’s law 


Terminal velocity v, = . Note v, œ 


F=67ynrPrv. 


Critical velocity is the maximum velocity up to 
which flow remains laminar/steady. 


R 
Vo = D where R is Reynolds number, D is 


diameter of tube. R is dimensionless. 


If R < 2000, flow is steady. If R > 3000, flow is 
turbulant. 


l SE . WY.. 
Kinematic viscosity 4, = a unit is stoke. 


l l dV xPr* 
Poiseuille’s formula an al may be 
compared to Ohm’s law. 

; Vow 
laow — R 


flow 


dV — 
=e rate of liquid flow 


liy 


V. =P (Pressure difference determines the 


flow 


direction of flow) 


871 
Thus, R, = i . Add resistances R,_ in series/ 
mr 


flow 
Parallel like electrical resistances. 


Viscosity of liquids fall with the rise in temperature 


48. 


49. 


50. 


51. 


52. 
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while that of gases increases with rise in temperature. 
Viscometer can be used to compare viscosity of two 
h _ Ph 

N Ph 

Pressure at a depth h below the surface of a liquid, 


liquids 


P=P „+tPpgh. 


Pascal law: If the pressure is changed at a point in an 
enclosed fluid it is transmitted to entire liquid without 
being diminished in magnitude. On this principle 
are based hydraulic lift, hydraulic press or hydraulic 
brakes. 


In hydraulic lift, weight lifted W = F A where 


1 
F is force applied and A, and A, are areas of cross- 
section of force and weight sides as shown in the 
Figure. 


Archimedes principle: Weight lost by a body when 
weighed in a fluid is equal to V o g where V is 
volume of the immersed part of the body or volume 
of fluid displaced, o is density of fluid. 


Oiiqia _ density of liquid 
Pooay density of body 


Loss in weight in a liquid 


Weight of the body 
; ; P body 
Specific gravity = Paat 4°C 
Weight of body in air 


~ Loss in weight in water 


To find volume of cavity: Volume of material of the 
weight in air 


body V = density of the body ` 


Outer volume of the body 


weight lost in water W,, —W, 


water 


P water 


outer 


density of water 


Volume of cavity = Outer volume — volume of the 
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54. 
53; 


56. 


57. 
58. 


material of the body = (V w — V). 


Impurity determination Let m be total mass 
of the body. Density of material is p, and that of 
impurity is p,. Let x be the amount of impurity. 


m-x 
Then 


x 
+— = V (total volume of the body) 
1 P2 


Note: In CGS system weight lost by a body in water 
(in grams) = Volume of the body in CC. 


A body will float only if p, iy S Piina 
Small fog like particles act like rigid bodies due 


ae 1 
to excess pressure in it [ap ~4| and cause 
r 
invisibility. 
If two bubbles coalesce in isothermal conditions 


thenr= yr? +r. 


If the bubbles coalesce adiabatically r = 


Cohesive force F, œ% —. 
If a bubble rises from a depth to surface, its volume/ 
radius increases as pressure decreases. 


Apply P, V,=P, V, 


Caution 


l. 


>> 


Assuming molecular forces are only attractive. 


If r> r net force is attractive. If r < r the net force 
is repulsive. It forms the basis of repulsive force 
which is restoring in nature. 


Considering all types of bonds are equally strong. 


Strong bonds like ionic and covalant make the 
material hard and give it high melting point. 


Considering ionic solids are conductors of 
electricity. 


Ionic solids are poor conductors of electricity. They 
become good conductors in molten or in aqueous 
solution. 


. Assuming bulk modulus and compressibility are 


identical. 


Compressibility is reciprocal of bulk modulus i.e., 
cal 

B 
Considering that shear strain can be applied only 


on Cuboidal solids. 


It can be applied to any shape of the body. During 
torsional oscillation, shear strain is applied to the 
wire/string supporting the disc/rod and so on or 
shear may produce tension. 


6. 


> 


10. 


11. 


12. 
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Not remembering formulae between y, o, $ and q. 


__Y 7. _ MË 
~ 311-20)’ 7 ee ae n+3B’ 
knr* 

21 


Note: $ 


Torsional rigidity C = 


Torsional couple (Torque) G = C@. If tangential 


stress is T then Z = n where @ is shear angle. ¢ = 


x0 


j where @ is angle of twist. 


. Confusing with elastic potential energy and elastic 


potential energy per unit volume 


Elastic potential energy per unit volume u = 5 stress 


x strain 
Elastic potential energy U = 5 stress x strain x 


AY(Al)’ 


1 
l = 2 F x MNE 
volume 5 x Al J 


. Confusing Young’s modulus with breaking stress 


The unit of elasticity (all modulus of elasticity) 
is Pa or Nm”, i.e., of pressure or stress as 
Strain is dimensionless. When a stress greater 
than breaking stress is applied the rigid body 
under investigation fractures. While determining 
Young’s modulus we work in the area that 
strain < 1%. 


Hence, the values of Young’s modulus of a material 
will be greater than those of breaking stress. 


. Not able to relate breaking stress with working 


stress. 


Breaking stress 
Safety limit 


Assuming no effect of temperature on y, $ or q. 


Working stress = 


y, B or y decrease with rise in temperature. Also note 


1 1 1 
Ya—,Ba Nar. 

Al Av í $ 
Assuming gases donot possess any modulus of 


elasticity. 


Gases possess Bulk modulus of elasticity only. 
B onma = P 20d B, a aie = YP. That is why only 
longitudinal waves can travel through gases. For 
transverse waves to propagate medium must possess 


shear modulus of elasticity. 


Assuming when two bubbles coalesce pressure 
inside will increase. 


As radius will increase pressure inside will decrease 


1 
because P œ —. 
r 


7.14 


or 


Or 


Or 


13. 


14. 


15. 


16. 


17. 


Therefore, use P „= P, -P 


1 2 


2T 2T 2T 
1 1 1 
Rory, 


If two bubble coalesce isothermally then 

P V +P, V =PV 

rê+r? =R 

Assuming in the Figure when valve V is opened 


smaller bubble will become bigger and bigger will 
become smaller. 


Bigger bubble will grow more fat and smaller will 


1 
become more small as AP œ — . Therefore, pressure 
r 


in smaller bubble is more and air will flow from 
smaller towards bigger. 


Assuming if a capillary tube is of insufficient height, 
the excess liquid will overflow. 


Excess liquid will collect asa drop at the top 
of capillary. Overflow is not permitted (due to 
inhabitance of prepetual motion), 


Assuming Archimedes laws different from 
Newton’s laws of motion. 


Archimedes law is based on Newton’s third law. 
Weight lost = buoyant force or upthrust is the 
reaction of the force applied on liquid. 


Assuming melting of ice in a liquid will raise the 
level of the liquid. 


The level does not vary as on melting the volume of 
ice decreases. However, if the ice had a metal piece 
placed over it or inside the ice then water level will 
fall as the ice melts completely. 


Assuming if a body sinks in one liquid, it will sink 
in other liquid also. 


18. 


ZZ; 


23. 
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Floatation depends on density. If effective density 
of the body is less than or equal to that of the liquid, 
then it will float. 


Assuming the density of a body will remain 
unaltered. 


If the body develops a cavity or had a cavity, its 
density varies. For example, density of ship (made 
of steel) < density of water. So it floats. 


. Considering water proof material fills the pores to 


stop Seepage. 
It changes angle of contact from acute to obtuse and 
hence, it will not wet the surface. 


. Assuming p g h as normal pressure exerted by the 


liquid. 
Normal pressure of the liquid is different from 
gravitational pressure p g h. 


. Considering that flowing liquid offers no resistance 


flow 


8771 
R, = = . In series R = R, + R, when capillary 
r 


tube are joined in series. 


1 1 1 
= —+— when capillary tubes are joined 
R parana R, 2 
in parallel. 
dV _al(R-P) aP, -Pn dV 
In series dt 8771 871, as 
remains same. 
dV dV, dV, l TÆZf4 4 
— =—14— and —=— (h +r, 
In Parallel e Ge l and R 8ni ( 17% ) 


if the lengths and pressures at two ends are equal. 
Assuming flowing liquid only possesses KE and 
PE. 


Liquids along with KE and PE possess pressure 
head energy. 


Considering velocity of efflux depends on the 
density of the liquid. 


v mx = V28(H -h) in open tank. 


D sete = Ensio ~ Foam) in a closed tank. 
\ p 


Note: In open tank efflux velocity is independent of 
density of liquid. Only in closed tanks. V „depend 


1 
on density and V au ®© T ; 
pP 
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PRACTICE EXERCISE 1 
(SOLVED) 


The breaking stress of a wire depends on 
(a) material of the wire (b) length of the wire 
(c) radius of the wire (d) length of the wire 


A wire can be broken by applying a load of 20 kg 
wt. The force required to break the wire of twice the 
diameter is 

(a) 20kg wt 
(c) 80kg wt 


(b) 5kg wt 
(d) 160 kg wt 


An elongation of 0.1% in a wire of cross-sectional 
area 10-6 m° causes a tension of 100 N. The Young’s 
modulus is 

(a) 1012 N/m? 
(c) 1010 N/m? 


(b) 1011 N/m? 
(d) 102 N/m? 


A vessel of 1 x 10-3 m? volume, contains oil, when a 
pressure of 1.2 x 105 N/m? is applied on it, then volume 
decreases by 0.3 x 10-6 m’. The bulk modulus of oil is 
(a) 1x 106 N/m? (b) 2 x 107 N/m? 

(c) 4x 108 N/m? (d) 6 x 1010 N/m? 


A wooden cylinder floats in water with two-third of its 
volume inside the water. The density of wood is 


1000 2000 


(a) ——kg/m? (b) —— kg/m? 
3 : 3 i 
(c) ~~ kg/m? (d) 250 kg/m? 


Two blocks A and B made of iron and aluminium 
respectively have exactly the same weight. They are 
completely immersed in water and weighed. If the 
densities of iron and aluminium are 8000 kg/m3 and 
2700 kg/m’, then 

(a) A will weigh more than B 

(b) B will weigh more than A 

(c) A and B will weigh the same as before 

(d) data insufficient 


A body of mass 0.5 kg is attached to a thread and it just 
floats in a liquid. The tension in the thread is 

(a) 0.5 kg wt (b) more than 0.5 kg wt 
(c) less than 0.5kg wt (d) zero 


Equal volumes of water and alcohol are mixed 
together. The density of water is 1000 kg/m? and the 
density of alcohol is 800 kg/m*. The density of the 
mixture is 

(a) 900 kg/m? 
(c) 875 kg/m? 


(b) 1100 kg/m? 
(d) 950 kg/m? 


A water tank is 20 m deep. If the water barometer reads 
10 m, the pressure at the bottom of the tank is 

(a) 2 atmosphere (b) 1 atmosphere 

(c) 3 atmosphere (d) 4 atmosphere 


10. 


11. 


12. 


13. 


14. 


15. 
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The three vessels shown in the figure have exactly the 
same base area. Equal volumes of a liquid are poured 
in the three vessels. The force on the base will be 


(a) maximum in vessel A 
(b) maximum in vessel B 
(c) maximum in vessel.C 
(d) equal in all the vessels 


An incompressible, non-viscous fluid flows steadily 
through a cylindrical pipe, which has radius 2R at 
point A and radius R at point B farther along the flow 
direction. If the velocity of flow at point A is V, the 
velocity of flow at point B will be 

(a) 2V (b) V 

(c), V/2 (d) 4V 


A barometer kept in an elevator accelerating upward 
reads 76 cm. The air pressure in the elevator is 

(a) 76cm (b) <76cm 

(c) >76cm (d) zero 


To get the maximum flight, a ball must be thrown as 


JEN 
V 
(a) @= 
—~ 
"O 
(c) (= 


(d) any of (a), (b) and (c) 


The weight of a body in water is one third of its weight 
in air. The density of the body is 

(a) 0.5 gm/cm? (b) 1.5 gm/cm? 

(c) 2.5 gm/cm? (d) 3.5 gm/cm? 


The volume of a liquid flowing per sec out of an orifice 
at the bottom of a tank does not depend upon 

(a) the height of the liquid above the orifice 

(b) the acceleration due to gravity 

(c) the density of the liquid 

(d) the area of the orifice 


One end of a uniform wire of length L and of weight 
W is attached rigidly to a point in the roof and a weight 


7.16 
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18. 
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20. 


21. 


22, 


W1 is suspended from its lower end. If S is the area 
of cross-section of the wire, the stress in the wire ata 
height (3L/4) from its lower end is 

(a) W1/S (b) [W1 + (W/4)]/S 

(c) [W1 + (3W/4)]/S (d) [W1 + W/S 


A wire can sustain the weight of 20 kg before breaking. 
If the wire is cut into two equal parts, each part can 
sustain a weight of 
(a) 10kg 
(c) 40 kg 


(b) 20 kg 
(d) 80 kg 


A solid uniform ball having volume V and density 
p floats at the interface of two immiscible liquids as 
shown in figure. The densities of the upper and the 
lower liquids are p1 and p2 respectively, such that p1 
<p < p2. The fraction of the volume of the ball in the 
lower liquid is 


(a) PP (b) Pi 
Pi — P2 Pi — P2 

(c) AZP (d) PiT Po 
PiP P2 


The deformation of a wire under its own weight 
compared to the deformation of same wire subjected 
to a load equal to the weight of the wire is 

(a) same (b) one third 

(c) half (d) one fourth 


The weight of a body in air is 100 N. It’s weight in 
water, if it displaces 400 cc of water 

(a) 90N (b) 94 N 

(c) 98 N (d) None of these 


The specific gravity of ice is 0.9. The area of the smallest 
slab of ice of height 0.5 m floating in fresh water that 
will just support a 100 kg man is 

(a) 1.5 m? (b) 2 m? 

(c) 3m? (d) 4m? 


A liquid stands at the same level in the U-tube when at 
rest. If area of cross-section of both the limbs are equal, 
the difference in heights A of the liquid in the two limbs 
of U-tube, when the system is given an acceleration a 
in horizontal direction as shown, is 


(a) gÈ (b) La 
aH g 
i 2 (a) 28 
H g a 


23; 


24. 


25. 


26. 


21. 
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The figure shows a semi-cylindrical massless gate (of 
width R) pivoted at the point O holding a stationary 
liquid of density p. A horizontal force F is applied at 
its lowest position to keep it stationary. The magnitude 
of the force is 


9 
(a) aoe 


(c) pgR3 


A block A of mass 10 kg, connected to another hollow 
block B of same size and negligible mass, by a spring 
of spring constant 500 N/m, floats in water as shown 
in the figure. The compression in the spring is (pwater 
= 1x 103 kg/m3, g = 10 m/s?) 


3 
(b) Fe 
(d) zero 


(a) 10cm 
(c) 50cm 


(b) 20cm 
(d) 100 cm 


A conical block, floats in water with 90% height 
immersed in it. Height h of the block is equal to the 
diameter of the block i.e., 20 cm. The mass to be kept 
on the block, so that the block just floats at the surface 
of water, is 


(a) 568 g 
(c) 112g 


(b) 980 g 
(d) 196 g 


A large cylindrical tank has a hole of area A at its 

bottom. water is poured in the tank by a tube of equal 

cross-sectional area A ejecting water at the speed v. 

(a) The water level in the tank will keep on rising. 

(b) No water can be stored in the tank. 

(c) The water level will rise to a height v2/2g and then 
stop. 

(d) The water level will oscillate. 


A tank is filled with water and an orifice is made in 
the wall so that the horizontal range x of water rushing 
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28. 


29. 


30. 


31. 


32. 


33. 


34. 


out is maximum. If H is the height of water above the 35. Terminal velocity of water drops depends upon the 


orifice in the tank, then (a) radius of drop (b) charge of drop 
(a) x=H (b) x=2H (c) temperature of drop (d) velocity of light 
cP ae ae 36. Water rises in a vertical capillary tube upto a length of 
There is a small hole at the bottom of a large open vessel. 10 cm. If the tube is inclined at 450, the length of water 
If water is filled up to a height h, velocity of water risen in the tube will be 
coming out of hole is v. Then velocity of water coming (a) 10 J2 cm (b) 10cm 
out of hole when water is filled to a height 4h is 10/2 d Eth 
(a) 4y (b) 3v (c) cm (d) none of these 
(c) 2v (d) v 37. The surface tension of a liquid is 5 N/m. If a film is 
i na 
Acasa density lows naaa E ing ring of area 0.02 m4, its total surface energy 
a pipe of cross sectional area s and bent at an angle of g 10-2 b) 25x 10-2 
90° at a point A. The force exerted by the gas on the (a) >, ó er J . i i i. J 
pipe at A is (OAKA (A EAE 
J2 sv , 38. Ifthe angle of contact is 0° the shape of meniscus is 
(a) p (b) v2 ai 2 (a) plane (b) parabolic 
(c) cylindrical (d) hemispherical 
V3 sv’ p d J3 2 . . 
(c) > (d) v3 sv" p 39. The pressure just below the meniscus of water 
(a) is greater than just above it 
Water flows through a frictionless duct with a cross- (b) is lesser than just above it 
section varying as shown in figure. Pressure p at points (c) is same asjust above it 
along the axis is represented by (d) is always equal to atmospheric pressure 
40. A soap bubble is blown slowly at the end of a tube 
by a pump supplying air at a constant rate. Which 
one of the following graphs represents the correct 
variation of the excess of pressure inside the bubble 
with time 
p P 
(a) - (b) 
Y ——> Y — 
(a) (b) 
t —> t —> 
al pl 
UW i 
(c) - (d) >- 
(c) (d) 
t —> t — 
The dimensional formula for coefficient of viscosity 


(a) [MLT] (b) [MLT] 41. The viscous force on a small sphere of radius R moving 
(c) [MLT’] (d) [ML’T'] in a fluid varies as 

Which of the following has greatest viscosity? i r A i i IR)2 

(a) hydrogen (b) air 

(c) water (d) ammonia 42. Ifasmall sphere is let fall vertically in a large quantity 


of a still liquid of density smaller than that of the 

material of the sphere 

(a) at first its velocity increases, but soon approaches 
a constant value 

(b) it falls with constant velocity all along from the 
very beginning 

The profile of advancing liquid in a tube is a (c) at first it falls with a constant velocity which after 

(a) straight line (b) circle some time goes on decreasing 

(c) parabola (d) hyperbola (d) nothing can be said about its motion 


With increase in temperature the viscosity of 
(a) both gases and liquids increases 

(b) both gases and liquids decreases 

(c) gases increases and of liquids decreases 
(d) gases deceases and of liquids increases 
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43. 


44. 


45. 


A small spherical solid ball is dropped in a viscous 
liquid. Its journey in the liquid is best described in the 
figure drawn by 
(a) curve A 
(c) curve C 


(b) curve B 
(d) curve D 


Distance ——» 


Rain drops fall from a height under gravity; we observe 
that 

(a) their velocities go on increasing until they hit 
the ground but the velocity with which the drops 
hit the ground differs with the radius of the 
rain drop 

their velocities go on increasing until they hit the 
ground, velocity being independent of the radius 
of the drop 

they fall with a terminal velocity which is 
dependent of the radius of the rain drop 

they fall with a terminal velocity which depends 
upon the radius of the rain drop 


(b) 


(c) 
(d) 


Air is pushed into a soap bubble of radius r to double 
its radius. If the surface tension of the soap solution is 
S, the work done in the process is 


(a) 8ar’ sS (b) 12ar’ sS 
(c) l6ar’S (d) 242r’S 


Answers to Practice Exercise 1 


1. 


A 


>> 


(a) 2 (c) 3. (b) 4. 
(a) 9 (c) 10. (c) 11. 
(c) 16. (c) 17. (b) 18. 
(b) 23. (d) 24 (a) 25. 
(b) 30. (a) 31. (b) 32. 
(a) 37. (c) 38. (d) 39. 
(c) 44. (d) 45. (d) 46. 
(d) 


EXPLANATIONS 


(a 
© Be == 
A 4A 
F=80 kgwt 


46. 


47. 


48. 


49. 


50. 


4. 
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Water flows in a continuous stream down a vertical 
pipe whereas it breaks into drops when falling freely 
because of 

(a) viscosity (b) surface tension 

(c) atmospheric pressure (d) hydrostatic pressure 


A soap bubble (surface tension 30 dyne/cm) has a radius 
of 2 cm. The work done in doubling its radius is 

(a) zero (b) 2261 erg 

(c) 1135.5 erg (d) 9043 erg 


An air bubble of radius r in water is at a depth h below 
the water surface at some instant. If P is atmospheric 
pressure and d and T are the density and surface tension 
of water respectively, the pressure inside the bubble will 
be 


4T 2T 

(a) P+hdg -— (b) P+hdg+— 
r r 

4T 

(c) en (d) P+hdg+— 
r r 


Water rises in a capillary tube to a certain height such 
that the upward force due to surface tension is balanced 
by 75 x 10-*N, force due to the weight of the liquid. If 
the surface tension of water is 6 x 10-2 N/m, the inner 
circumference of the capillary must be 

(a) 1.25 x 107m (b) 0.50 x 107m 

(c) 6.5 x 102m (d) 12.5 x 10°? m 


In a surface tension experiment with a capillary tube 
water rises up to 0.1 m. If the same experiment is 
repeated on an artificial satellite, which is revolving 
around the earth, water will rise in the capillary tube 
up to a height of 


(a) 0.1m (b) 0.2m 
(c) 0.98 m (d) full length of tube 
5. (b) 6. (a) 7. (d) 
12. (c) 13. (b) 14. (b) 
19. (o) 20. (d) 21. (b) 
26. (c) 27. (b) 28. (c) 
33. (c) 34. (c) 35. (a) 
40. (b) 41. (b) 42. (a) 
47. (d) 48. (b) 49. (d) 
CEE FL _ ee = 10! N/ m? 
AAL 10° x0.1 
5 -3 
(c) pu i2xl0 = -4x108 N/ m? 
0.3x10 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17; 


18. 


19. 


20. 


h 2 2 
(b) £5 = 2 =* > p, =2x10° kg/m’ 
Pp, H 3 3 
1 


(a) Fu x volume of material oc — 
density of material 


(d) 


P, +P, _ 1000+800 


; = 900kg/ m? 


(a) P mix = 
(c) 10 m corresponds to approximately 1 atm 
So 20 m corresponds to addiational 2 atm 


(c) Height in C is maximum, thus force will be 
maximum in C 


(d) AV, = AV, 
Va(2R) 
So V, = daci = 4V 
aR 


(c) Because of upward acceleration pressure will 
increase 


(b) To get maximum lift, velocity of air at the top of 
ball with respect to ball should be maximum. 


W p 3 Ps 9) Pı 
(c) V=./2 gh Independent of density 


(c) Net beared weight = W, + iw 


Stress = 


(b) Breaking stress is independent of length 


(c) VP8 =ViP\8 t VaP28, ViP tV2P2 = VP and 


vytv =v 


(v-v,)p, +vP, — VP > v,(P,- p,)=v(P-p1): 


Yz -P= Pr Fk 

Y P27Pi PiP 
! 
Mgxdx Mg L MgL 

(c) A, =f r = and A, = —2— A, =2A, 
0 AY 


(d) Upthurst = 400 x10™ x 10° x g = 3.92 N. Apparent 
weight = 96.08 N 


21. 


22; 


29: 


24. 


25. 


7.19 


H 
(b) 0 part of ice slab will be out of water. Volume of 


A(0.5) 3 
10 


ice Slab outside the water = 


(A = area of slab) 


0.5 10 
Ax| — |x10°g = SNM Oi 
(= 8= 100g, A : 2m 


L 
(b) P, +apL= P,P -P, = apL h,- h, =% 


(d) Since the force due to fluid acts normal to the 
surface, hence about point O, no net torque is acting 
on the gate hence F = Q. 


(a) 2 Fu = 100 N (Fu is upthrust force) Fu = 50 N 
Fu 


100 N 


Upper block kx = 50 N x= EAA =0.1m 
500 


kx Fy=50N 
v ooN 
h 09h 0.9h 
(a) = > r= 
h2 r 2 


2 
Upthrust = Č zr?.(0.94)8 p; = La(+) h.p,8 ... (i) 


When totally submerged 


raft) h ae 4 l h 
w+—m|— S=—T|— 
3 5 8&np 3 5 8P; 


On solving (i) and (ii) and (iii) W = 568 gm 
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26. 


27. 


28. 


phon 


30. 


31. 


SPA 
33. 
34. 
35. 


36. 


37. 


38. 
39, 


(c) When rate of in flow = rate of out flow, height will 
be constant 


AV a = ÂV ut ? Vin = Vout ` 
y? 

Vu =V =>v428h=V, h=>— 
2g 


(b) For maximum range x = h = 2H 


h is height of container 


(c) v= 42gh , v =./2g (4h) = 2V 


(b) Rate of change of momentum |P, — P k V2sv? p 


> R-E 
2 

(a) Using Bernoulli’s equation 

FIA a4 

b) n= = [ML T 

(b) 9 ET [M ] 

(c) 

(c) 

(c) 


(a) Terminal velocity of water drops depends upon 
radius. 


(a) Pressure difference in both cases should be same. 
10 pg = L cos 450 pg orL= 10/2 cm 


(c) Total surface energy = T. (Area) = 5x(2x0.02) = 
0.2 J 
(d) Shape will be hemispherical 


(b) Shape of meniscus is convex, if seen from inside the 
2T 


r 


water, hence pressure Inside the water is A = P- 


where r= radius of curvature of meniscus 


PRACTICE EXERCISE 2 
(SOLVED) 


A vertical steel post of diameter 25 cm and length 
2.5 m supports a weight of 8000 kg. Find the change 
in length produced Y = 2x 10"! Pa. 

(a) 2.1 cm (b) 0.21 cm 

(c) 0.21 mm (d) 0.021 mm 


Fl _ 4x8000x10x 2.5 


Solution (c) Al = — > 


AY x(.25)?x2x10!! 


-5 
= 4x16x10" 0.21 mm. 
T 


40. 


41. 
42. 


43. 
44. 
45. 


46. 


47. 


48. 


49. 


50. 
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4T 
(b) Excess pressure AP = a 


AP.R = 4 T= constant, R is increasing linearly with time 
t. Hence APt = constant 


(b) F, = 62nRv 


(a) Since viscous force depends upon velocity, viscous 
force on sphere will increase till it achieves terminal 
velocity. 


(c) Explanation is same as Q.No. 2 

(d) Terminal velocity depends upon radius of rain drop. 
(d) AA= 47 (R}- R? )=12 zR? 

W =AE=2SAA =247R28S 


(b) Because of surface tension the liquid tries to occupy 
the minimum surface area. Hence it breaks into drops. 


(d AA = 4x (R} - R?) = 4 (16 — 4) = 487 cm? 
work done = T. (2AA) = 30 x 96 z = 9043 erg 


_ 2T 
(b) Pressure in the concave surface is — greater than 
r 


2T 
convex surface, hence P inside = P + hdg + — 
r 


(d) 6x10° x(2ar)=75x10%, 
(pare 
(2r) = | x10 = 12.5 x 10 -2 m 


(d) In satellite geff = 0 


So due to surface tension the tube will be completely 
filled 


Which of the following is an amorphous solid 
(a) glass (b) diamond 
(c) salt (d) sugar 
[AIIMS 2005] 


Solution (a) 


3: 


For a constant hydraulic stress on an object, the 


fractional change in the object’s volume (x) and 


its bulk modulus (B) are related as 
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AV AV = 
qa) = «cB b) 2” œx Bp! 
(a) V (b) V 


AV 2 AV -2 
c) —— cB d) ——«B 
o = (a) = 


[AIIMS 2005] 


P 
Solution (b) B= av 
yV 


4. Which one of the following is not a unit of Young’s 
modulus? 
(a) Nm'! 
(c) mega pascal 


(b) Nm? 
(d) dyne Cm” 
[Karnataka 2005] 


Solution (a) 


5. If S is the stress and Y is Young’s modulus of the 
material of a wire, the energy stored in the wire per 
unit volume is 


ic? 

a) 2S°Y b 2 

(a) (b) ay 

2Y Ss 

2 d 2» 

(c) 52 (d) ay 

[AIEEE 2005] 
2 
Solution (b) u= 5 stress x strain => (5) = —_ 


6. Outside a house 1 km from ground 0 of a 100 kiloton 
nuclear bomb explosion, the pressure will rapidly rise 
to as high as 2.8 atm while the pressure inside the 
house is | atm. If the area outside the house is 50 m°. 
The resulting net force exerted by the air in front of the 
house is. 

(a) 9.1 x 10°N (b) 2.1 x10’N 
(c) 1.41 x 10’N (d) 1.63 x 10’N 


Solution (a) F = APA = 1.8 x 1.01x 10° x 50 
=91x10°N 


7. Apetite young woman of 50 kg distributes her weight 
equally over her high-heeled shoes. Each heel has an 
area of 0.75 cm’. Find the pressure exerted by each heel. 
(a) 6.66 x 10°Pa (b) 3.33 x 10°Pa 
(c) 1.67 x 10°Pa (d) 2.23 x 10°Pa 


Solution (b) p= = x 104 = 3.33 x 10°Pa 


8. A new alloy was found to break when a force of 
90.8 N applied perpendicular to each end. The diameter 
of the wire is 1.84 mm. Find the breaking stress. 

(a) 2.47 x 10’ Pa (b) 1.43 x 10’ Pa 
(c) 3.41 x 10’Pa (d) 4.41 x 10’ Pa 


6 
Solution (c) Breaking stress = Z = aa 
= 3.41 x 10’Pa 


9. A steel wire with cross section 3 cm? has elastic limit 
2.4 x 105 Pa. Find the maximum upward acceleration 


7.21 | 


that can be given to a 1200 kg elevator supported by this 
cable if the stress is not to exceed 1/3 rd of the elastic 


limit. 
(a) 9 ms”? (b) 10 ms? 
(c) 11 ms” (d) 12 ms”? 
Solution (b) 1200 x (g + a) -7 x 2.4 x 10® x 3 x 104 


or a= 10 ms”. 


10. Find the density of water 2 km deep in a sea. Bulk 
modulus = 2 x 10°Pa. 
(a) 10°kgm™> 
(c) 1100 kgm” 


(b) 1010 kgm” 
(d) 1040 kgm? 


AV _ P _2x10°x10°x10 _ 


Solution (b) 01 


V B 2x10’ 
LA or Ad = 10 kg/m>. 


density of water = 1010 kg m> 


11. A wire 1 m long has cross-section 1 mm? and Y = 
1.2 x 10'' Pa. Find the work done in stretching it 


by 2 mm. 
(a) 2.4] (b) 0.24 J 
(c) 0.024 J (d) 1.2J 


11 —6 6 
Solution (b) W = man 2 12x10 x10 A 


= 0.24 J. 


12. Which apparatus are used to measure Y of a wire and 
shear modulus of the wire? 
(a) Searle’s apparatus, Ewing extensometer. 
(b) Searle’s apparatus, Maxwell needle method. 
(c) Searle’s apparatus, Torsion pendulum. 
(d) Kundt’s apparatus, Searle’s apparatus. 


Solution (b) and (c). 


13. Proof resilience is related to 
(a) PE stored in an elastic body. 
(b) stiffness of a beam. 
(c) elastic fatigue. 
(d) elastic relaxation. 


Solution (a) 


14. Each wire in the figure below has cross-section 
5 x 10° cm?and Y=2 x 10!! Pa. P, Q and R have mass 
3 kg each find the strain developed in a A. Assume 
surface to be smooth. 
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(a) 10° 
(c) 107+ 
Solution (c) 3 g-T, = 3a 
T,-T,= 3a 
T,= 3a 
Adding (1), (2) and (3) 


a= = ;T,=3a=g8 


a T g 


l Y AY 5xl0°x2xl10 x10“ 


(b) 10° 
(d) none 


—(1) 
— (2) 
— (3) 


= 10%. 


15. A uniform heavy rod of length L, weight W and cross- 
sectional area A is hanging from a fixed support. 
Young’s modulus of the material is Y. Find the 
elongation of the rod. 


nv | o 


WL WL 
a ay (0) EYT 
WL WL 
tc) 4AY ©) 3AY 


Solution (b) weight acts at COM. 


. L Al _ W 
effective length == . Hence — =—— 
2 L AY 
"2 
or Al= WE 
AY 
Alternate method 
T= (L-x) W, elongation = Tdx 
L AY 
AE Wa ; Total elongation 
LAY 


We WL 
= =. (L—x)dx — eae 
ray! 2AY 


16. The length of a wire is /, when tension is T, and J, when 
tension is T,. The natural length of the wire is 
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L +l 


(a) 1 2 5 2 (b) Vil, 
LT, -LT LT, +LT, 
a Oa. 
2 ti a +7, 
(e) LT, -L1, 
I-T, 


I i= 
= = T (l,-D=T, (l-1 
LT, -LT, 
a a a 


17. A steel wire of length L and area of cross-section A 
shrinks by Al during night. Find the tension developed 
at night if Young’s modulus is Y and wire is clamped 
at both ends. 


AYL 


(a) a (b) AYL 
AYAI 
(c) Avan (d —— 
Al FE _ AYAI 
Solution (d) wy or F = 


18. A u tube is rotated about one of the limbs with an 
angular velocity œ. Find the difference in height H of 
the liquid level. Density of the liquid is p. Diameter of 
the tube d << L. 

[IIT Mains 2005] 


Solution dF = dm x œ? = A px? dx 
p 


or F=Apo’| xdr = P22 _, 
0 2 
eee = p n =pg H. 
Lo? 
or H= 29 


19. Ratio of area of the hole to beaker is 0.1. Height of 
the liquid in the beaker is 3m, and a hole is at a height 
of 52.5 cm from the bottom of the beaker. Find the 
square of the velocity of the liquid coming from 
the hole. 
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Solution (a) vax = 


20. 


2.475 


52.5cm 


(a) 52 (ms"!)? 
(c) 51 (ms)? 


(b) 50.5 (ms!) 
(d) 42 (ms)? 
[IIT Screening 2005] 


_ 29(H —h) 


2x10x 2.475 
1—.01 
= 50 ms” 


A 20 cm long capillary tube is dipped in water. The 
water rises up to 8 cm. If the entire arrangement put in 
a freely falling elevator the length of water column in 
the capillary tube will be 
(a) 8 cm 
(c) 4cm 


(b) 10cm 
(d) 20 cm 
[AIEEE 2005] 


Solution (d)As the system becomes weightless. Therefore, 
liquid will rise to full height. 


21. 


A candle of diameter d is floating in a cylindrical 
container of diameter D (D >> d) as shown in the 
figure. If it is burning at a rate 2 cm. /' then the top of 
the candle will 


(a) remain at the same height. 
(b) fall at the rate of 1 cm fh. 
(c) fall at the rate of 2 cm hh". 
(d) go up atthe rate of 1 cm A~. 
[AIIMS 2005] 


Solution (b) density of candle is half the density of water. 
Therefore, it will always remain half in water. Hence, if it burns 
2 cm h`, the candle will come up by 1 cm from the water. 


22. A For Reynold number R > 2000, the flow of the fluid 


is turbulant. 


Solution (a). R= 


23. 
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R Inertial forces are dominant compared to viscous 

forces at such high Reynolds number. 

(a) Both A and R are correct and R is correct 
explanation of A. 

(b) Aand Rare correct but R is not correct explanation 
of A. 

(c) A is true but R is false. 

(d) both A and R are false. 

[AIIMS 2005] 


Inertial force 
Viscous drag 


An electrical short cuts off all power to a submersible 
when 30 m below the surface of ocean. The crew must 
push out a hatch of area 0.75 m? and weight 300 N on the 
bottom to escape. If the pressure inside is 1 atm. What 
downward force it must exert on the hatch to open it? 
(a) 1.53 x 10° N (b) -2.03 x 10° N 

(c) 2.23 x 10°N (d) 3.03 x 10° N 


Solution (c) AP = 30 x 10? x 10 = 3 x 105 Pa. 


24. 


F = 3 x.75 x 10° +300 N = 2.28 x 10° N 


A tapered pressurised tank for a rocket contains 0.25 m° 
of kerosene, with mass 205 kg. The pressure at the top 
of the kerosene is 2.01 x 10° Pa. The kerosene exerts a 
force of 16.4 kN on bottom having area 0.07 m°. Find 
the depth of the kerosene. 


(a) 2.1m (b) 0.29 m 
(c) .414m (d) 4.14m 
Solution (d) F=(P,+pgh)A 
2x10x2.475 07 = 16.4 x 103 
I-01 7 
or h=4.14m 


25. 


A cubical block of wood of side 10 cm floats at the 
interface between oil and water with its lower surface 
1.5 cm below the interface. The density of the oil is 
790 kg m>. What is the density of the block? 


10 cm 
Wood 


Water 10 cm 


(a) 821.5 kg m” 
(c) 820 kg m°? 


(b) 800.5 kg m> 
(d) none 


Solution (a) M = 1.5 x 100 + 8.5 x 100 x.79 


= 821.5 g 


E 821.5x107 


= = 821.5 kg m” 
To? e 
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26. A 45 kg woman is standing on an ice slab without 
getting her feet wet. What is the minimum volume of 


the slab? 
(a) 0.562 m° (b) 0.5 m? 
(c) 0.812 m? (d) none of these 


Solution (a) 0.92 V + 45000 = 1.0 x V 
or .08 V = 45000 cc 


45000 
or V= x 10? 
8 
= 562.25 x 10° cc 
or 0.562 m° 


27. Aplastic sphere is held below the surface of a lake by 
tying a thread at the bottom of the lake. The tension in 
the thread is 900 N. The sphere has volume 0.65 m°. 
Find the mass of the sphere. 

(a) 250 kg (b) 340 kg 
(c) 470 kg (d) 560 kg 


Solution (d) T= V (o-p)g =B- mg or mg=B-T 
mg = 0.65 x 10° x 10 — 900 = 5600 N or M = 560 kg 


28. A shower head has 20 circular opening each of radius 
1 mm. Shower head is connected to a pipe of radius 
0.8 cm. The speed of water in the pipe is 3 ms~!. Find 
the speed of water as it exits from the shower head 


Openings. 
(a) 3.6 ms"! (b) 5.6 ms"! 
(c) 7.6 ms”! (d) 9.6 ms"! 


Solution (d) A, v, =A, », 
or z(1)?x 200v=7 8’ x 3 


or v=9.6 ms"! 


29. A sealed tank containing water to a height 11 m also 
contains air at 3 atm. Water flows out from the bottom 
of a tank through a small hole. Find efflux velocity. 
(a) 18.1 ms"! (b) 24.2 ms"! 

(c) 26.4 ms"! (d) 28.6 ms"! 


2P 
Solution (d) V a= DJ 


E /2(3x10* +11x10x10°) 
7 10° 
= 4820 = 28.6 ms! 


30. Air streams horizontally past a small airplane’s wings 
with a speed 70 ms" over the top surface and 60 ms“! 
past the bottom surface. Plane has mass 1340 kg and 
wing area 16.2 m°. Find the net vertical force. Given 
density of air 1.2 kg m~. 
(a) 500 N upward 
(c) 765 N upwards 


(b) 500 N downward 
(d) none of these 


2 


| | 
Solution (b) Fa K P (u? -v;) 8 -mg aie 1.2 


(70? — 60°) x 1.8 — 1340 x 9.8 =- 500 N 
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31. The upper edge of a gate in a dam runs along the water 
surface. The gate is 2 m high and 4 m wide and is hinged 
along the horizontal line through its top. Find the torque 
due to the force from water. 

(a) 10.67 x 104 N-m (b) 5.33 x 10* N-m 
(c) 2.66 x 104 Nm (d) none 


Solution (a) Consider a strip of (4 m x dy) at a height y. 
Force on the strip 


dF =p g (2 - y) 4dy ; 
Torque dt = p g (2 — yF 4 dy 


3 
t=pg4 ays Z-a 


=10°x10x4 842-8] 


= 10.67 x 104 N-m. 


32. An astronaut is standing at the north pole of a newly 
discovered planet of radius R. He holds a container full 
of liquid having mass m and volume V. At the surface 
of the liquid pressure is p, and at a depth d below the 
surface, pressure is p. From this information determine 
the mass of the planet. 


2 2 

(a) (p+ p,)VR (b) (p+ p,)R'V 
Gdm 2Gdm 

E (p- p,)R°V (d) (p- p,)R°V 


2Gdm Gdm 


Solution (d)p ¢d=(p-p,) 


(p- Po) 
or g= 
(7 
V 


GM = (p— P)V l 


or 
R? dm 
— p, )VR? 
or M= (p Po) 
Gdm 


33. Ifthe density of earth varies as p (r) = A — Br. Then find 
the value of g (r) inside the earth. 


r 
Da 


4 3 4 3 
(a) trar|a-Žer] (b) 4 sar(a-ŽeR) 


2 


B 
(c) azalar- (d) none 
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Solution (b) ¢= = = Í Sn (4nx?) dx 
R or 
Tie aa (4 x dx) 
0 r 


34. AU tube open at both ends contains Hg. 15 cm of water 
is added in left arm. Find the difference in the height 
of two levels. 


(b) 13.9 cm 
(d) 8cm 


(a) 1.1 cm 
(c) 7cm 


Solution (b) 13.6x yx Ag=1x15xAxg 


15 
y= B6 and 
15 
h=15- 136 
= 13.9 cm 


35. An aluminium hunk is covered with gold shell to form 
an ingot. The ingot weighs 45 N in air and 39 N in 
water. Find the weight of the gold in the shell. 


(a) 12N (b) 11.5'N 
(c) 33.5N (a), 36 N 
45 -x ex 
Solution (c)6= -7 +755 


or x=33.5N. 


36. A mould has density of metal p „„ Weight of the casting 
W and buoyant force B when it is completely immersed 
in water. Find the volume of cavity. 


B W B-W 
(a) ——=-— (b) 
P omei Pm Pm 
W -B B W 
(c) (d) ———~ -— 
Png UPa) 246 


Solution (d) Outer volume = : Volume of metal = 


P water § 
W 


Prwaer8 Png 


; Volume of cavity = 
P meta 8 
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37. A cubical block of density p is immersed in a liquid 
of density o (o > p). The side of the block is L. What 
fraction is immersed in the liquid? 


(ay 1-£ (b) 2-1 
o p 
(c) £ (d) none of these 
O 
Lp h p 
LpAg=hoAgorh=— or —=—. 
Solution (c) LpAg=hoAgor ee 


38. A cylindrical container of an incompressible liquid 
rotates with œ as shown. The density of liquid is p. The 
liquid acquires parabolic shape. Find the height of the 
liquid. Radius of container is r. 


W 
OE 


Solution The force experienced by element dx at distance 
x from the centre dF = A dx p w* x and 


dP = £ =p0°xdx 


2 2 
ro 


28 
Note: This technique is employed to make parabolic 


telescopic mirrors. Liquid glass is rotated and allowed 
to solidify while rotating. 


P= |, pw?xdx =hpgorh= 


39. Water flows steadily from an open tank as shown. Find 
x where the water lands. Assume area of cross-section 
of hole is much less than area of cross-section of tank. 


Solution v= V/2gh =v2x10x8 =4/10 ms"! 


l 
z8 soris fA =.635s 
x=v,t=4 10 x (.63) 


= 2.52 (3.162) =7.97 m 
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40. A beaker is exactly full of water with an ice piece 
floating. The ice piece has a lead piece in it. When ice 


melts then 

(a) level remains unchanged. 
(b) water overflows. 

(c) level falls. 

(d) none of these. 


Solution (c) Since the average density of ice with lead 
piece increases, it displaces more water. 


41. Drops of liquid of density d are floating half immersed 
in aliquid of density P . If the surface tension of liquid 
is T then the radius of the drop is 


(a) Aid 
(b) re 
(€) LA 
H ala a 3p) 


Solution (c) Weight of the drop = forces due to surface 
tension + buoyant force 


Tai = 207rT os a 


3 2 3 
"E S N 
g(2d-p) 


42. A block of mass m just floats in a liquid. It is pushed 
down and released then 


(a) it will oscillate. 

(b) it will rise to original position and stay there. 

(c) it will sink. 

(d) it will rise to another position and stay there. 
[CEEE Delhi 1999] 


Solution (c) The additional push gives an unbalanced force 
and according to Newton’s first law it will continue to move 
down and sink. 


43. A wooden block with a coin placed on its top, floats in 
water as shown in the Figure. The distance / and A are 
illustrated. If the coin falls into the water then 
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Coin 


a 


(a) / decreases and h increases. 
(b) / increases and h decreases. 
(c) both / and A increase. 
(d) both / and h decrease. 
[IIT Screening 2002] 


Solution (d) When the coin falls, it occupies less volume, 
therefore, h decreases, / decreases as density of wood 
decreases. 


44. A piece of metal floats on Hg. The coefficient of 


expansion of metal and Hg are 7, and y, respectively. 
If the temperature of both Hg and metal are increased 
by an amount AT , by what factor the fraction of the 
volume of metal submerged in mercury changes? 


(a) (y,-y,)AT (b) (2t lar 


(c) MY. AT 
Vit Y2 


2 
(c) EY AT 
Yi tY 


p 


Ve . 
Solution (a) f, = os where p is density of metal 
o 


and o is density of Hg. 


45. 


Af fa-tn fi, 
f Tin fi 
Abas 
o\1+y,AT 
= - -1=(y,-y,)AT 
P 
O 


(using Binomial theorem) 


A tank has a hole of area of cross-section A. Water 
from a pipe of inner cross-section A is entering the 
tank with a velocity v. To what height the tank will 
be filled? 
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2 
(a) zero (b) — 
2g 
2P 
(c) A (d) atm 
p8 PE 
Solution (b) v a = y28h = tank will fill to a height 
h until. r 
h D 
=v or h=—. 
D ix u 2g 
46. A liquid of density p comes out with a velocity v from a 


horizontal tube of area of cross-section A. The reaction 
force exerted by the liquid on the tube is F. Then 


(a) Foo (b) Fav’ 
(c) FaA (d) Fo~ 
p 
Solution (b) and (c) 
dm dx 
FA -of pa) =pAv 


47. 


An ideal liquid flows through a tube of uniform cross- 
section shown in the Figure. The liquid has velocities 
v, and v, and pressure P, and P, at points A and B 
respectively. Then 


— A 
ak > 
(a) v,=0, (b) v,>0, 
(c) P,=P, (d) P,>P, 


Solution (a) and (d) v, =», 


48. 


andP,=P,+pgh 


A vertical glass capillary tube open at both ends contains 
some H,O. Which of the following shapes for water is 
correct? 


l p - 
l | ] 


1.21 


Solution (c) The force on two liquid states must provide a 
net upward force due to surface tension to balance the weight 
of H,O. 


49. 


The weight of an empty balloon on a spring balance 
is W. The weight becomes W, when the balloon is 
filled with air. Let the weight of air itself be œ. Neglect 
thickness of the balloon when it is filled with air and 
also neglect difference of air densities inside and outside 
the balloon. Then 
(a) W,=W, 

(c) W,<W +o 


(b) W,=W +o 
(d) W,> W, 


Solution (a), (c) The buoyant force on the balloon = weight 
of air inside. 


50. 


In a streamline flow 

(a) the speed of the particle remains the same 
throughout. 

(b) the velocity of the particle remains same 
throughout. 

(c) the KE ofall the particles arriving at a given point 
are the same. 

(d) the momenta of all the particles arriving at a given 
point are the same. 


Solution. (c) and (d) 


By 


Solution (d) F = T. 1 —— 


52. 


A liquid is contained in a vertical tube of semi circular 
cross-section. The contact angle is zero. The force of 
surface tension on the flat part to curved part is 


(a) 1:1 
C) eZ 


(b) 1:2 
(d) 2:2 


Fry _T(2R) 2 


F T(aR) 7 


Curved 


The velocity of raindrop having radius | mm is 
20 cm s~. The velocity of raindrops of size 3 mm is 


(a) 60 cm s“! (b) 120 cms"! 
(c) 180 cm s”! (d) 20 cm s“! 
(e) none 


Solution (c)v ær 


53. 


A sphere of mass M kg is suspended by a metal wire 
of length L and diameter d. When in equilibrium, there 
is a gap of Al between the sphere and the floor. The 
sphere is gently pushed aside so that it makes an angle 


7.28 


0 with the vertical. Find @___ so that sphere fails to rub 
the Floor. Young’s modulus of the wire is Y. 


, Yad’Al Yad*Al 
-1 = -1 = 
(a) sin (1 8MeL (b) tan [i MeL 


Yad’Al 
(c) cos"! ‘1 ahi l (d) none 


2Mg(l-—cos0)L 
Solution (c) Y= Alo ee 


d? 
m--g ^ 
i J- Yrd’Al P Yrd’Al 
or l-—cos0= $Me or cos ĝ = 1 — Mel 
vy? 
a = mgl (1 — cos 0) 
2 
or a = 2mg (1 — cos 0) 
2 
0 = cos“! (24 = 
8MegL 


54. A wire of length L is clamped at two ends so that it 
lies horizontally and without tension. A weight W is 
suspended from the middle point of the wire. The 
vertical depression is___ Young’s modulus is Y. 


(a) 2TI’ , T’ (b) 2Tr Tr 
4AY 4A’y’ 4AY 4A’y’ 
2TI’ TI 

(c) 4 AY a 2AY 

Solution (a) 2T cos d= W 
or T= W 
2cos@ 
2 
Al= {L a (+a) = 
2AY 2 4 
(L) -F= 2T TP 
or O=\\>"oay) 4 N4AY 4A 


Properties of Solidsand Liquids | 


55. A copper wire of cross- section A is under a tension T. 
Find the decrease in the cross-section area. Young’s 
modulus is Y and Poisson’s ratio is o. 


oT oT 
(a) AGE (b) riz 
20T 4o0T 


Solution 4” =o ~ and 4L- T 
r 


AY 
AA _2Ar _ 20T 


A r AY% 
56. A steel plate has face area 4 cm’ and thickness 
0.5 cm is fixed rigidly at the lower surface. A tangential 
force of 10 N is applied on the upper surface. Find 
the lateral displacement of the upper surface with 
respect to the lower surface. Rigidity modulus of 
steel = 8.4 x 10'° Nm” 

(a) 1.5 um 

(c) l.Snm 


(b) 1.5 A° 
(d) 1.5 pm 


FI 10x(.5)x10” 
Solution. (©) x= = Fao x84x10" 


= 15x 10°m. 


57. Two identical rods of identical dimensions and Young’s 
modulii Y and Y, are joined end to end. The equivalent 
young’s modulus for the composite rod is 


Y +Y. mas 
(a) = (b) Y +Y, 
nY, 
(c) Y, +Y, ©) +y, 
FI Fl _ F2l 
b) Al + Al, = Al sats Se 
Solution (b) Al, + Al, YA YA YA 
; 2YY, 
or = Y +Y, . 


58. A bar of cross-section A is subjected to equal and 
opposite tensile forces F at its ends. Consider a plane 
through the bar making an angle @ with a plane at 
right angles to the bar. Then shearing stress will be 
maximum if 0 


F F 
(a) 0° (b) 30° 

(c) 45° (d) 60° 

(e) 90° 


Fsin@ _ Fsin20 
Solution (c) Shear stress = 77 =a 


Shear stress will be maximum if sin 28 = 1 or 20 =90° 
Lë; 0= 45°. 
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59. A stone of mass m tied to one end of a thread of 
length /. The diameter of the thread is d and it is 
suspended vertically. The stone is now rotated in a 
horizontal plane and makes an angle @ with the vertical. 
Find the increase in length of the wire. Youngs modulus 
of the wire is Y. 


——=—=— = a m m 
-m -a 
- -~ 
- ~ 
~ 


~ - 
~ _ 
- a ar æ mma a 


4mel 4mel 
(a) se (b — 
zd- Y cos@ zd'Y sin 
4mgl 4mgl 
c d == 
(c) nd’Y (d) nzd’Y sec@ 
Solution (a) T cos 0 = mg. 
=s IL or AL = TL = _mglh 
AY AYcos@ 
__ 4mgl 
~ ad’Y cos ` 


60. Assuming that shear stress of base of a mountain is 
equal to force per unit area to its weight, calculate the 
maximum possible height of a mountain on the earth 
if breaking stress of a typical rock is 3 x 103N m”? and 
specific gravity is 3. 
(a) 10km 
(c) 7km 


(b) 8km 
(d) 6km 


Solution (a) p= j = hpg < Breaking stress 


Breaking stress 3x10" 
Pg 3x10° x10 
h < 10 km. 


or h< 


61. In gases which wave can not propagate 
(a) standing wave (b) longitudinal wave 
(c) transverse wave (d) none 


Solution (c) For transverse waves to propagate medium 
must possess shear modulus y and gases do not possess y. 


62. Poisson’s ratio cannot exceed 
(a) 0.25 (b) 1.0 
(c) 0.75 (d) 0.5 


Y 
Solution (d) B= 31-20) 


if B=% 1-20 —>Qoro = 7 


ax 
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63. Bulk modulus of water is 2 x 10° Pa. Air is times 

more compressible than water. 

(a) 200 (b) 2x 10° 

(c) 2x 10° (d) 2x 10+ 

B, Ci 2x10? 
d = ater = air = 

Solution (d) B, C ixo 


l 
=2 x 10 eae. 
x 10" { BR! 


64. Find the volume density of elastic energy of fresh water 
at a depth of 1000 m 
(a) 2.5 kJm->3 
(c) 0.25 kJm> 


(b) 25 kJm™> 
(d) none 


dW_1pAV_l1p[2 
Solution (b) aa a 


2° v.2 
(ogh? — (10°x10x10°)? 
=3x2x10 AAN% 725x 0m. 


65. A wire forming a loop is dipped into soap solution 
and taken out sobthat a film of soap solution is 
formed. A thread of length 6.28 cm is gently put 
on the film and film is pricked with a needle inside 
the loop. 


T sin + T sin 


Find the tension in the thread if surface tension of soap 
solution is 0.03 N m”. 
(a) 18.84 x 10N 
(c) 3x 10N 


(b) 6x 10-4 N 
(d) 9.42 x 104N 


Solution (c) 2T sin 0 = 8S 2 r 0 where S is surface tension 
and 2 r @ is length of thread AB. 


Since @ is small .. sin 0 = 0 
2T@=S2r0 
or T=Sr=.03 x 10?=3x107N 


66. Water flows through a tube of radius 1 cm at a speed 
of 6 cm s~. Find Reynolds number. Is the flow 


Steady? 
(a) 6000, No (b) 3000, No 
(c) 600, Yes (d) 1200, Yes 


P pvoD _1x6x2 
Solution (d) R= 7 0.01 


Since R < 2000, Flow is steady. 


= 1200. 
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67. Find the surface energy of water kept in a cylindrical 
vessel of radius 6 cm. Surface tension of H,O = 75 x 
10°? N m”. 
(a) 17 x 10*#J 
(b) 8.5 x 10*J 
(c) 4.2 x 10*J 
(d) 8.5 x 10° ergs. 


22 
Solution (b) zr (T) = T x 62 x 75 x 103 x 107 
= 8.5 x 10*J. 


68. A utube containing a liquid is accelerated horizontally 
with an acceleration a,. The separation between the 
vertical arms is /. Find the difference in the heights of 
the two arms. 
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(b) 2T (H) 
h b 


1 


HO 
(d T|—+t— 
h h 


(a) 2T +-+ 
h h 


H 
W Times 
h h 


gl 
(a) ~~ (b) zero 
É 2T 
gl mS Solution (a) P-P5 = >n (1) 
(c) 7 (d) í l s) I r 
i g 2T 
P-P (2) 
(e) none of these Í 
. 1 1 
Solution (c) ma, =(P gh)Aor(pA)a,=pghA Adding (1) & (2) P,- P, = or 2-4] 
h h 
la 
or h= Pi 71.. Two spherical bubbles coalesce. V is the consequent 


69. Find the pressure at A immediately below the 
meniscus. 


72: 


(a) P „+p gh 
(b) Pom P Eh 


2T 
(c) P „+tpgh+ = 


change in volume and S is the total change in surface 
area then 

(a) 3PV+4ST=0 
(c) 2PV+3ST=0 


(b) 4PV+3ST=0 
(d) 3PV+2ST=0 


Solution (a) P, V, +P, V, =P, V, 


or 4T(r?+r?-r)=-P (ro +r -r ) 


4T —+— P V=0 
4r 4r è 


or 4 TS+3 P, V=0 


A U tube is made of two capillary tubes of diameter 0.5 
mm and 1.0 mm respectively. It contains H,O. (Surface 
tension 75 dynes/cm). Find the difference in two levels. 
(a) 2.4 cm (b) 2.6 cm 
(c) 2.8 cm (d) 3.0 cm 


2T iuti 2T 
— ddìh= — 
(d) P + : Solution (d) prg 
2T|\1 1 
Solution (d) Ah = — +- 
PEL n, 
70. Find the excess pressure on one side of a soap film of 
l i 2x75 | 1 1 
surface tension T over that on the other side r, and r, _ | Ba 
1x980 |.025 .05 


are radii of two surfaces. 


| Properties of Solidsand Liquids 


PRACTICE EXERCISE 3 
(UNSOLVED) 


A spherical ball is compressed by 0.01% when a 
pressure of 100 atmosphere is applied on it. Its bulk 
modulus of elasticity in dyne/cm? will be approximately 
(a) 10” (b) 10 
(c) 106 (d) 10% 


A stress of 2 kg/mm? is applied on a wire. If Y = 10” 
dyne/cm? then the percentage increase in its length will 
be 

(a) 0.196% 
(c) 1.96% 


(b) 19.6% 
(d) 0.0196% 


The angle of shear is related to the radius of cylinderial 
shell as 

(a) directly proportional. 

(b) inversely proportional. 

(c) directly proportional to square root. 

(d) inversely proportional to square root. 


The end of a wire of length 0.5 m and radius 10° m is 
twisted through 0.80 radian. The shearing strain at the 
surface of wire will be 
(a) 16x 10° 

(c) 16 x 10° 


(b) 1.6 x 10° 
(d) 16 x 10° 


The breaking stress of a material is 10° pascal. If the 
density of material is 3 x 10° Kg/m*. The minimum 
length of the wire for which it breaks under its own 
weight will be 
(a) 3.4m 

(c) 3.4x 10°m 


(b) 3.4x 104m 
(d) 3.4x 103m 


The reciprocal of bulk modulus of elasticity is equal to 


(a) T (b) 4 

(c) o (d) compressibility 

The modulus of elasticity at constant temperature is 
a 

(a) yP (b) i 
P 

(c) P (d) V 


If the stress produced in a material is P and strain 
is S then according to Hooke’s law, the modulus of 
elasticity is 


K=— b) K-S 
(a) = 92 (b) =a 
P 

(c) K=PS (d) K=— 


Equal weights are suspended from the wires of same 
material and same lengths but with radii in the ratio 
1 : 2. The ratio of extensions produced in them will be 
(a) 4:1 (b) 1:4 
(c) 1:2 (d) 2:1 


10. 


11. 


12; 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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The Hooke’s law defines 
(a) modulus of elasticity. (b) stress. 
(c) strain. (d) elastic limit. 


A wire is stretched through 1 mm by certain load. The 
extension produced in the wire of same material with 
double the length and radius will be 

(a) 4mm (b) 3mm 

(c) 1mm (d) 0.5 mm. 


A wire of length L and cross-sectional area A is 
constructed of a material whose Young’s modulus of 
elasticity is Y. The energy density stored in the wire 
when stretched by x metre will be 


Yx? 

Y x? b) — 

(a) Yx (b) 5 
Yx? Yx? 
2o d + 


Two identical wires of different materials have Young’s 
modulii of elasticity as 22 x 10'° N/m? and 11 x 10!° 
N/m? respectively. If these are stretched by equal 
loads then the ratio of extensions produced in them 
will be 

(a) 2:1 
(c) 4:1 


(b) 1:2 
(d) 1:4 


If the tensile force is suddenly removed from a wire 
then its temperature will 
(a) decrease 

(c) become zero 


(b) increase 
(d) remain constant 


The limit upto which the stress is directly proportional 
to strain is called 
(a) elastic limit 
(c) elastic relaxation 


(b) elastic fatigue 
(d) breaking limit 


For which of the following is the modulus of rigidity 
highest? 

(a) Glass 
(c) Rubber 


(b) Quartz 
(d) Water 


Longitudinal strain can be produced in 
(a) glass (b) water 
(c) honey (d) hydrogen gas 


Out of the following whose elasticity is independent of 
temperature? 
(a) steel 

(c) Invar steel 


(b) copper 
(d) glass 
Which of the following is not dimension less? 


(a) Poisson ratio (b) Shearing strain 
(c) Longitudinal strain (d) Volume stress 


If a wire is stretched by applying force at one of 
its ends, then the elastic potential energy density 
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PAR 


22. 


23. 


24. 


23. 


26. 


in terms of Young’s modulus Y and linear strain 
a will be 


ay’ Ya 
(a) 3 (b) z 
(c) = (d) 202Y 


A solid sphere of radius R and bulk modulus of elasticity 
K is kept in a liquid inside a cylindrical container. A 
massless piston of cross-sectional area A floats on 
liquid surface. A mass M is put on the piston in order 
to compress the liquid. The fractional change in the 
radius of the sphere will be 


3M 3M 
Cals b) 2E 
KA 2 KA 
Mg Mg 
2 H d ana 
o KA (d) 3 KA 


Two identical wires of copper and steel are joined 
and a force is applied on them so that the combined 
length increases by 1 cm. In both the wires there 
will be 

(a) equal stress and equal strain. 

(b) unequal stress and unequal strain. 

(c) equal stress and equal strain. 

(d) equal strain and unequal stress. 


The Young’s modulus for steel is Y = 2 x 10! N/m”. If 
the inter-atomic distance is 3.2 A the interatomic force 
constant in N/A will be 
(a) 6.4 x 10° 
(c) 3.2 x 10° 


(b) 6.4 x 10° 
(d) 3.2 x 10° 


In the load-extension graph for a wire, the elastic limit 
lies between the points 


pk an 

sf 

= R 

= Q 

: P 

= 

~ Load —# 
(a) Qand P (b) Q and P 
(c) Pand R (d) QandR 


For the Hooke’s law to hold good the inter molecular 
distance, as compared to the equilibrium distance, 
must be 

(a) very much less (b) much more 

(c) approximately same (d) zero 


A 10-meter long thick rubber pipe is suspended from 
one of its ends. The extension produced in the pipe 
under its own weight will be (Y = 5 x 10° N/m? and 
density of rubber = 1500 Kg/m°) 

(a) 1.5 meter (b) 0.15 meter 

(c) 0.015 meter (d) 0.0015 meter 


27. 


28. 


20, 


30. 


31. 


32. 


33. 


34. 
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A wire of radius 1 mm is bent in the form of a circle of 
radius 10 cm. The bending moment will be 

(Y = 2 x 10! N/m?) 
(a) 3.14 N/m 

(c) 1.57 N/m 


(c) 6.28 N/m 
(d) 15.7 N/m 


The depression produced at the end of a 50 cm long 
cantilever on applying a load is 15 mm. The depression 
produced at a distance of 30 cm from the rigid end 
will be 

(a) 3.24 mm 
(c) 6.48 mm 


(b) 1.62 mm 
(d) 12.96 mm 


A solid cylindrical rod of radius 3 mm gets depressed 
under the influence of a load through 8 mm. The 
depression produced in an identical hollow rod with 
outer and inner radii of 4 mm and 2 mm respectively, 
will be 

(a) 2.7 mm 
(c) 3.2 mm 


(b) 1.9 mm 
(d) 7.7 mm 


The breaking stress for a copper wire is 2.2 x 108 N/m7’. 
The maximum length of the copper wire which when 
suspended vertically for which the wire will not break 
under its own weight, will be (Density of copper = 
8.8 x 10° kg/m?) 
(a) 25000 m 
(c> 250 m 


(b) 2500 m 
(d) 25m 


The length of a wire gets doubled on applying a stress 
of 20 x 108 N/m’. The Young’s modulus of elasticity 
for the wire in N/m?, will be 

(a) 40 x 108 (b) 5x 108 

(c) 10x 10° (d) 20 x 10° 


Two wires of same length and same radius (one of 
copper and another of steel) are welded to form a long 
wire. An extension of 3 cm is produced in it on applying 
a load at one of its ends. If the Young’s modulus of steel 
is twice that of copper, then the extension in the steel 
wire will be 
(a) 1cm 

(c) 1.5 cm 


(b) 2 cm 
(d) 2.5 cm 


The coefficient of linear expansion of copper is one 
and half times that of iron. Identical rods of copper 
and iron are heated through same temperature 
range. The ratio of forces developed in them will 
be (the Young’s modulus for copper and iron is 
the same) 


(a) (b) 


(c) (d) 


|O wlr 
nlo ols 


A ball of radius R and with bulk modulus of elasticity 
K is kept in a liquid inside a cylindrical container. 
It is pressed by putting a mass m on a massless 
piston of cross-sectional area A, then decrease in the 
radius of bail will be 
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Figure shows a capillary tube of radius r dipped into 
water. If the atmospheric pressure is P,, the pressure at 
point A (just below the meniscus) is 


(a) P, (b) P,+ oo 
r 

(c) Pa (d) Ban 
r r 


where S is surface tension 


The excess pressure inside a soap bubble is twice 
the excess pressure inside a second soap bubble. The 
volume of the first bubble is n times the volume of the 
second where n is 
(a) 4 
(c) 8 


(b) 2 
(d) 0.125 


Which of the following graphs may represent the 
relation between the capillary rise h and the radius r 
of F capillary? 


y~ 
TNL 


Water rises in a vertical capillary tube upto a length of 
10 cm. If the tube is inclined at 45°, the length of water 
risen in the tube will be 
(a) 10cm 


(c) 10/2 


A 20 cm long capillary tube is dipped in water. The 
water rises up to 8 cm. If the entire arrangement is put 


(b) 10/2 cm 


(d) none of these 
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in a freely falling elevator, the length of water column 
in the capillary tube will be 

(a) 8cm (b) 6cm 

(c) 10cm (d) 20cm 


Viscosity is a property of 
(a) liquids only. 

(b) solids only. 

(c) solids and liquids only. 
(d) liquids and gases only. 


The force of viscosity is 
(a) electromagnetic. 
(c) nuclear. 


(b) gravitational. 
(d) weak. 


The viscous force acting between two layers of a liquid 


dy 
=-n —. This F/A may be called 


is given by j 
A dz 


(b) longitudinal stress. 
(d) volume stress. 


(a) pressure. 
(c) tangential stress. 


A raindrop falls near the surface of the earth with almost 

uniform velocity because 

(a) its weight is negligible. 

(b) the force of surface tension balances its weight. 

(c) the force of viscosity of air balances its weight. 

(d) the drops are charged and atmospheric electric field 
balances its weight. 


A piece of wood is taken deep inside a long column of 
water and released. It will move up 

(a) with a constant upward acceleration. 

(b) with a decreasing upward acceleration. 

(c) with a deceleration. 

(d) with a uniform velocity. 


A solid sphere falls with a terminal velocity of 20 m/s 
in air. If it is allowed to fall in vaccum, 

(a) terminal velocity will be 20 m/s. 

(b) terminal velocity will be less than 20 m/s. 

(c) terminal velocity will be more than 20 m/s. 

(d) there will be no terminal velocity. 


A spherical ball is dropped in a long column of a viscous 
liquid. The speed of the ball as a function of time may 
be best represented by the graph 


/ a 
a) (b) l 
E (d) ! 
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What will be the critical velocity of water in a tube of 
radius 1 m, if the coefficient of viscosity of water is 
1793 poise and Reynold’s number is 1000? 

(a) 17.93 cm/s (b) 17.93 x 10? cm/s 

(c) 17.93 x 104 cm/s (d) 17.93 x 10° cm/s 


Two different liquids are flowing in two tubes of equal 
radius. The ratio of coefficients of viscosity of liquids 
is 52: 49 and the ratio of their densities is 15.6: 1, then 
the ratio of their critical velocities will be 

(a) 0.068 (b) 0.68 

(c) 6.8 (d) 68 


If the radius of narrow hole in the bottom of a rocket 
is 2 cm and the pressure difference between inside 
and outside the chamber is 5 atmospheres, then 
the reactional force in dynes acting on the rocket 
will be 

(a) 1.27 x 104 
(c) 1.21 x 10° 


(b) 1.27 x 10° 
(d) 1.27 x 10" 


The difference of two liquid levels in a manometer is 
10 cm and its density is 0.8 gm/cm?. If the density of 
air is 1.3 x 10° gm/cm? then the velocity of air will be 


(in cm/sec) 
(a) 347 (b) 34.7 
(c) 3470 (d) 0.347 


The unit of the coefficient of viscosity in S.I. system 
iS 

(a) m/kg/s 
(c) kg/m/s? 


(b) m/s/kg? 
(d) kg/m/s 


Two water pipes of diameter 2 cm and 4 cm are 
connected to main water source. The rate of water flow 
through 2 cm pipe as compared to that through 4 cm 
pipe will be 

(a) one fourth. 
(c) half. 


(b) double. 
(d) four times 


The mass of a lead ball is M. It falls down in a viscous 
liquid with terminal velocity V. The terminal velocity 
of another lead ball of mass 8M in the same liquid 
will be 
(a) 64 V 
(c) 8 V 


(b) 4V 
(d) V 


A small spherical solid ball is falling down in a 
viscous liquid. Its velocity in the viscous liquid is best 
represented by the curve 
(a) D 
(c) B 


(b) C 
(d) A 


The flow of water in a horizontal pipe is streamline. 
At a point in the tube where its cross-sectional area is 
10 cm’, the velocity of water and pressure are 1 m/s 
and 2 x 10° pascal, respectively. The pressure of water 
at a different point, where the cross-sectional area is 
5 cm’, will be 
(a) 2000 Pascal 
(c) 250 Pascal 


(b) 1000 Pascal 
(d) 500 Pascal 
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The Bernoulli’s theorem is based on 
(a) conservation of energy. 

(b) conservation of momentum. 

(c) conservation of mass. 

(d) conservation of charge. 


An incompressible liquid is continuously flowing 
through a cylindrical pipe whose radius is 2 R at point 
A. The radius at point B, in the direction of flow, is R. 
If the velocity of liquid at point A is V then its velocity 
at point B will be 


(a) V (b) 4V 


(©) 2V (a) t 

2 
A water tank is filled with water upto a height H. A hole 
is made in the tank wall at a depth D from the surface 
of water. The distance X from the lower end of wall 
where the water stream from tank strikes the ground is 


(a) 2/eD (b) 2,/D(H +D) 
(c) 2/D(H —D) (d) JD 


The rate of flow of a liquid through a capillary tube 
under and constant pressure head is Q. If the diameter 
of the tube is reduced to half and its length is doubled, 
then the new rate of flow of liquid will be 


Q Q 
(a) A (b) g 
Q 

(c) 160 (d) 32 


Three vertical tubes X, Y and Z are connected to a 
horizontal pipe as shown in figure 11.50. At the points 
of joint, the radii of the pipe are 2 cm, 1 cm and 2 cm 
respectively. Water is flowing in this pipe. The water 
level in the vertical tubes will be 


(a) upto same height in X and Z. 

(b) upto same height in all the three. 
(c) upto same height in X and Y. 

(d) upto maximum height in X. 


A small sphere of mass M and density is dropped in a 
vessel filled with glycerine. If the density of glycerine 
is D, then the viscous force acting on the ball will he 


in Newton. 
D, 
(a) MDD, (b) Mg|1-— 
D, 
(c) MD, g M 


(d —(D,+D, 
= (D, +D.) 


2 
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Water is flowing with a velocity of 2 m/s in a horizontal 
pipe with cross-sectional area decreasing from 
2 x10? m° to 0.01 m? at pressure 4 x 10* pascal. The 
pressure at smaller cross-section in pascal will be 

(a) 32 (b) 3.4 

(c) 3.4 x 104 (d) 3.4 x 10° 


A pitot’s tube is attached at one of the wings of an 
aeroplane in order to determine its velocity with respect 
to air. If the difference of two liquid levels in manometer 
is 10cm and density of liquid is 0.8 gm/cm?, then the 
velocity of plane with respect to air will be (given 
density of air = 1.293 x 10° gm/cm’). 

(a) 34.82 cm/s (b) 3.48 cm/s 

(c) 348.2 cm/s (d) 3482 cm/s 


The coefficient of viscosity of a liquid does not depend 
upon 

(a) the density of liquid (b) temperature of liquid 
(c) pressure of liquid (d) nature of liquid 


When the velocity of a liquid is greater than its critical 
velocity then the flow of liquid will be 

(a) streamline 

(b) turbulent 

(c) sometimes streamline and sometimes turbulent 
(d) none of the above 


The cause of viscosity in gases is 
(a) cohesive force (b) adhesive force 
(b) diffusion (d) conductivity 


The cause of viscosity of liquids is 
(a) diffusion (b) adhesive force 
(c) gravitational force (d) cohesive force 


The dimensions of velocity gradient are 


(a) T" (b) T 
(c) T, (d). Tr 
The correct formula of critical velocity (V_) is 
knd k 
(a) v, = 22 ©), V, == 
r dr 
dr ry 
V, = d V = — 
©) Va, CE Aan 


The viscous force acting on a body falling under gravity 
in a viscous fluid will be 


67V 67nr 

(a) (b) 221 
nr V 

V 

(c) 6anrV (d) —— 
677 


The equation of continuity is 
(a) aV! = constant (b) a@?V = constant 


(c) lá = constant (d) aV = constant 
a 

The viscosity of an ideal fluid is 

(a) zero (b) infinity 

(c) one (d) 0.5 
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The relative velocity of two consecutive layers is 8 
cm/s. If the perpendicular distance between the layers 
is 0.1 cm, then the velocity gradient will be 

(a) 8 sec! (b) 80 sec"! 

(c) 0.8 sec"! (d) 0.08 sec"! 


One end of a horizontal pipe is closed with the help of 
a valve and the reading of a barometer attached to the 
pipe is 3 x 10° pascal. When the value in the pipe is 
opened then the reading of barometer falls to 10° pascal. 
The velocity of water flowing through the pipe will 
be in m/s 
(a) 0.2 

(c) 20 


(b) 2 
(d) 200 


There is a small hole of diameter 2 mm in the wall of a 
water tank at a depth of 10 m below free water surface. 
The velocity of efflux of water from the hole will be 
(a) 0.14 m/s (b) 1.4 m/s 

(c) 0.014 m/s (d) 14 m/s 


In the above problem the rate of flow of water in m?/s 
will be 

(a) 44x 10° 
(c) 44x 10° 


The diameter of ball y is double that of x. The ratio of 
theirterminal velocities inside water will be 

(a) 1:4 (b) 4:1 

(c)?1:2 (d) 2:1 


(b) 4.4 x 107 
(d) 4.4 x 107 


The terminal velocity (V) of a small sphere falling 
under gravity in a viscous liquid is related to its 
radius as 


(a) Ver (b) YM 
r 
(c) Vier (d) Vor 


One poise is equivalent to 
(a) 0.001 pascal second (b) 0.0001 pascal second 
(c) 0.01 pascal second (d) 0.1 pascal second 


The velocity of kerosene oil in a horizontal pipe is 
5 m/s. If g = 10 m/s? then the velocity head of oil will be 
(a) 1.25m (b) 12.5m 
(c) 0.125 m (d) 125m 


A layer of glycerine of thickness 1 mm is enclosed 
between a big plate and another plane of area 10? m°. 
If the coefficient of viscosity of glycerine is 1 kg/m/s, 
then the force in Newton required to move the plate 
with a velocity of 0.07 m/s will be 

(a) 7 (b) 0.7 

(c) 70 (d) 0.07 


The velocity of a liquid coming out of a hole in the tank 

wall is 

(a) more if the hole is near the upper end. 

(b) more if the hole is at the centre of the wall. 

(c) more if the hole is near the bottom. 

(d) velocity of flow does not depend upon the position 
of hole. 
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The formula for the resistance of a fluid is 


4 
(a) Raw (b) R= 
8771 mr 
c) R= oe (d) pa owt 
mr mr 


A plate of area 100 cm? is lying on the upper surface 
of a 2 mm thick oil film. If the coefficient of viscosity 
of oil is 15.5 poise then the horizontal force required 
to move the plate with a velocity of 3 cm/s will be 

(a) 0.2325 Newton (b) 2.325 Newton 

(c) 23.25 Newton (d) 232.5 Newton 


Out of the following the maximum viscosity is of 
(a) oxygen. (b) glycerine. 
(c) mercury. (d) water. 


The Magnus effect is equivalent to 
(a) electric field. 

(b) magnetic field. 

(c) Bernouli’s theorem. 

(d) magnetic effect of current. 


The cause of floating of clouds in atmosphere is 
(a) low viscosity. (b) low temperature. 
(c) low pressure. (d) low density. 


The velocity efflux of a liquid is 
(a) V2 gh (b) 2gh 
(c) gh (d) V8 h 


For which type of liquid is the value of Reynold’s 
number low? 

(a) Low density 
(c) Low velocity 


(b) High viscosity 
(d) All of the above 


When a solid ball of volume Vis dropped into a viscous 
liquid, then a viscous force F acts on it. If another ball 
of volume 2 V of the same material is dropped in the 
same liquid then the viscous force experienced by it 
will be 


(a) 2nF (b) = 
F 
(c) 2 F (d) > 


According to Beynouli’s equation the expression which 
remains constant is 


2 2 

(a) p+ b) P+- pgh 
2 2 

2 

(c) P+pgh (d) P+ pgh+—— 


Water is flowing with a velocity of 3 m/s in a pipe 
of diameter 4 cm. This water enters another tube 
of diameter 2 cm. The velocity of water in this 
tube is 

(a) 12 m/s 
(c) 3m/s 


(b) 6 m/s 
(d) 1.5 m/s 
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The height of water level in a tank is H. The range of 
water stream coming out of a hole at depth H/4 from 
upper water level will be. 


JH 2H 
2 b 4 
(a) > (b) B 
(c) a (d) BH 


V3 


A wooden block of mass 8 kg is tied to a string attached 
to the bottom of a tank. The block is completely inside 
the water. Relative density of wood is 0.8. Taking 
g = 10 m/s’, what is the tension in the string? 

(a) 100N (b) 80 N 

(c) 50N (d) 20 N 


An air bubble of radius r rises from the bottom of a 
tube of depth H. When it reaches the surface, its radius 
becomes 3r. What is the atmospheric pressure in terms 
of the height of water-column? 


H H 
= b) — 
(a) a (b) a 
H H 
= d) — 
(c) (d) 16 


A balloon of mass 1g has 100g of water in it. If it is 
completely immersed in water, its mass will be: 

(a) 0.5g (b) 1.0g 

(c) 2.0g (d) 101g 


A wooden ball of density p is immersed in a liquid of 
density o to a depth H and then released. The height h 
above the surface to which the ball rises will be: 


(a) h=H b) h=ĈH 
p 

(c) hz Ly (d) h- H 
p p 


A sphere of solid material of relative density 9 has a 
concentric spherical cavity and just floats in water. If the 
radius of the sphere be R, then the radius of the cavity 
(r) will be related to R as: 


3 8 
a) r =—-—R 
(a) 9 


3 V8 3 3 
_ V8 ps d = [ZR 
(c) 7 (d) r 


Given that for a gas B, = isothermal bulk modulus, 
B = adiabatic bulk modulus, p = pressure and y = 
ratio of the specific heat at constant pressure to that at 
constant volume. Which of the following relations is 
correct? 

(a) B=p 
(c) B=yB 


2 
b) r=—R? 
(b) 3 


(b) B=p 
(d) None of the above 


A bar is subjected to equal and opposite forces as shown 
in the figure. PQ is a plane making angle @ with the 
cross—section of the bar. If the area of cross-section be 
‘a’, then what is the tensile stress on PQ? 
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Oscillations 
and Waves 


CHAPTER HIGHLIGHTS 


CHAPTER 


Periodic motion—period, frequency, displacement as a function of time. Periodic functions. Simple harmonic 
motion (S.H.M.) and its equation; phase; oscillations of a spring-restoring force and force constant; energy in 
S.H.M.—kinetic and potential energies; Simple pendulum—derivation of expression for its time period; Free, 


forced and damped oscillations, resonance. Wave motion. Longitudinal and transverse waves, speed of a wave. 
Displacement relation for a progressive wave. Principle of superposition of waves, reflection of waves, Standing 
waves in strings and organ pipes, fundamental mode and harmonics, Beats, Doppler effect in sound. 


BRIEF REVIEW 


Periodic Motion If a moving body repeats its motion 
after regular intervals of time, the motion is said to be 
harmonic or periodic. The time interval after which it 
repeats the motion is called time period. If the body moves 
to and fro on the same path, the motion is called oscillatary. 
In simple harmonic motion the particle moves in a straight 
line or along the angle and the acceleration of the particle is 
always directed towards a fixed point on the line. This fixed 
point is called mean position or centre of oscillation. The 
acceleration in SHM is given by 


a=—o*x or F =— m@’x or F =— kx 


where k = ma@? is called force constant or spring 
constant. 


The force which brings the particle back towards the 
equilibrium or mean position is called restoring force. Such 
a motion is also called isochronous. 


SHM may be assumed as a projection of uniform circular 
motion along a diameter 


x=rcoswt;y=rsinawt;a=—w’x 


d*x n ; . . 
or gp =T w’x. This differential equation gives the 
solution 
x = x, sin æ t (if the particle starts from mean 


position) 

x = x, cos wt (if the particle starts from extreme 
position) 

x =x, sin (wt + )} (if the particle starts in between 
mean and extreme position) 


x = x, cos(wt + @). 


The solution of differential equation in exponential 
form is x = x, 0+9, 


Here x is instantaneous displacement, x, is amplitude 
(maximum displacement), ¢ is initial phase angle or epoch 
or angle of repose and, œ is angular frequency. 


Linear frequency f = = = rE T being time 


period. 
Velocity of the particle executing SHM 


dx 
Assume x = x, sin wt. then v = dt = x æ cos ot 


v=x Sr: — 2 2 
0 0 


V ax = Xp V „7 O at extreme position 
Fig. 8.2 (a) shows graph between velocity and 
displacement and Fig. 8.2 (b) shows the graph between 


velocity and time. 
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a=—W (x,@)° —(x,@ cos at) 


=— 2 2 
a=-0 Jv; -V 


Note velocity is manimum at mean position and acceleration 
is zero at mean position. Velocity is zero at extreme position 
and acceleration is maximum at extreme position. Kinetic 


energy (KE) of a particle executing SHM = 2 mo? (x, — x?) 
Potential energy (PE) of a particle executing SHM = 


Z mo’x’ Total energy = KE + PE = : mo’ x? 


Note: KE is maximum at mean position and zero at 
extreme postion. PE is zero. at mean position and maximum 


Xo at extreme position. See Fig. 8.4. 


, ; . z 
Fig. 8.2 (b) Velocity — time graph Total Energy 
Fig. 8.3 (a) and (b) shows graph between acceleration = = 0002022 pa-t t KE 
and displacement and acceleration and time. 
a(ms®°) 
PE 


Xo O X5 


Fig. 8.4 KE, PE and total energy depiction 


In SHM, velocity displacement curve is an ellipse. 
see Fig. 8.5 (a) 


Fig. 8.3 (a) Acceleration — displacement graph 


a(ms~*) 


Fig. 8.5 (a) Velocity displacement graph 


x= x Sin ot ; 


V = X Cos wt 


x l 
Fig. 8.3 (b) Acceleration — time graph or 5 =sinat =); 
0 
Note the graph between velocity and acceleration is an V 
. = COS wt —(2) 
ellipse. X)@ 
T , Square and add (1) and (2) 
Note velocity leads the displacement by > but velocity lags 
x. vv 
| m Le ee, 
the acceleration by 5 Aj, Ag 


; acceleration — velocity relationship in SHM is an ellispe 
Aa = XO m 

a =- œx Sin æt ; v = x0 cos ot 
v = X æ COS wl 


2 

dv or 4 4 _¥ _ see Fig. 8.5 (b) 

dt ~~ 2 =- o? = w* 4.2 PE a 
XO” Mh Cos? wp £252 ana = OX O'X x’ 
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0 = @, sin æt if the particle starts from mean position 
0 = 0 cos ot if the particle starts from extreme position 


0 = 0 sin (wt + ¢) if the particle starts from in between 
mean and extreme. 


0= 6, cos (wt + ) X= a = 0, @ cos wt 
d8 2 p 
Fig. 8.5 (b) Acceleration — velocity graph or oe =a/0, = 
If a tunnel is dug in the earth diametrically or along Pendulums may be of 5 types: simple pendulum, spring 


a chord irrespective of its position or angle then T= 22 pendulum, conical pendulum, physical or compound and 


R torsional pendulum. Note the time period of each of them. 
rs = 84 min 36 s for a particle released in the tunnel. 


See Fig. 8.6 


DEC 


Fig. 8.6 SHM in tunnel in the earth 


If a point charge g is tunnelled in a uniformly charged 


Fig. 8.8 (a) Simple Pendulum 
sphere having charge Q and radius R then 


Ane. R2m T=22 ft if 0 is small 
T=2x ,|/—~— £ 
Qq 4 
T=27 f +t if 0 is finite and 8 = 0 
a a 0 


Fig. 8.7 | 


Angular SHM A body free to rotate about a given axis 
can make angular oscillations when it is slightly pushed 


aside and released. The angular oscillations are called Fig. 8.8 h Spring Pendulum 


angular SHM 
; a T=27r |M 
(a) there is a mean position where the resultant torque on k 
the body is zero (0 = 0). 


(b) the body is displaced through an angle from the mean 


position, a resultant torque œ 0 (angular displacement) 
acts. 
(c) the nature of the torque (clockwise or anticlockwise) 
is to bring the body towards mean position. 
t=—k @i.e., 
al=-k@ora=-— 0 
aoao fi aren et 
a=-0'@ or w= 7 rT=2r V7. 


Solution of the equation a = — œ? @ is Fig. 8.8 (c) Conical Pendulum 


Note no effect of ‘g’ on spring pendulum. 


mm | oo 


Fig. 8.8 (d) Physical Pendulum 


I 
Tea=2z l- 
mgl 
2 2 2 
or T=2n kv +l -27 (k+1)° 2kl 
lg lg 


Torsional 
rigidity 


Fig. 8.8 (e) Torsional Pendulum 


aed 


Note in physical pendulums T is maximum if /=0 or L = œ 
and T is minimum if k = L. 


Seconds pendulum If the time period of a simple 
pendulum is 2s, It is called seconds pendulum. 


1 1 
(VE 


T= 22 {E = 84 min. 36 s. for an infinitely long sımple 


Longest time period (for T = 27 


pendulum) where R is radius of the earth 

If / = R, the radius of the earth then T = 27 JE 
= 60 min or Lh. 
SHM Under Gravity If SHM occurs due to restoring 


force provided by weight or acceleration due to gravity then 


T=22 j . Some of the examples of this type are motion 
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of a liquid in a U-tube vertical cylinder/piston. Motion of 
a ball in a concave mirror/ bowl and a floating cylinder as 
illustrated in Fig. 8.9. 


R l 
(c) T=27 E if ball does not roll (d) T=2m E 
but slips. T = 27 


7(R-r) 


5g if the ball rolls. 


Fig. 8.9 


Effect of temperature on time period of simple pendulum 
T [i a0 o | | 

T, = a where œ is linear expansion coefficient 
and A @ is rise in temperature. If temperature falls take 


A @ negative. 
ade 
or AT=T, i 


If the upthrust of the liquid is taken into account Then 


time period T= 27 


anda=g'=g € -Z where 
ga- ° 

Ô 
o is density of liquid and 6 is density of the body. Damping 
of liquid is assumed negligible. 


If the suspended wire stretches due to elasticity then time 


period T = 27 Jaf Me |orar=2n Jt Me 
g 2ar Y 8 2nar Y 


M, | 
or AT=T — where T = 27 i and Y is young’s 
2ar Y g 


modulus. 


If a carriage (lift) is moving up with an acceleration ‘a’ 


carrying a pendulum then T= 2z Pr 
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If the carriage (lift) moves down with an acceleration ‘a’ 
carrying the pendulum then 


SE 

(2-a) 

If the carriage moves horizontally (e.g. a car) with an 
l 


g7 +a? 


je 


acceleration ‘a’ then T = 27x 


If the carriage is in circular motion of radius R with uniform 
speed v then 


If the bob of a pendulum is charged and is placed in a 
uniform electric field [charge g on the bob is assumed + ve 
in Fig. 8.10 (a) and 8.10 (b)] 


Electrostatic force in 
the direction of ‘g’ 


Electrostatic force 
opposes ‘g’ 


fOr ai 


++tt+t+ttt+ 


Electrostatic force 
perpendicular to ‘g’ 


Electric field 


ai + 
= + 
= + 
— q + 
E 
(c) 
Fig. 8.10 
For Spring System 
(a) Springs in Parallel 
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(c) mass attached at both M M, 
ends of the Spring u= (M,+M,) 
I 2 
k 
50000000 Mfr = ze lt =a M.M, 
k k(M, +M,) 
Fig. 8.11 


Spring Pulley System 


Spring Pulley System 


Fig. 8.12 


Pulley has mass m and MOI I 


Fig. 8.13 


Composition of two SHMs in same direction 
x, = Xp SM ot; 
x, = Xy Sin (wt + 0) 
x=x sin (@t+ o) =x, +x, 


= X,, Sin wt + x,, sin (wt + 8) 


_ 2 2 
Xy = VX +X +2Xpj Xp COSA and tan ¢ 


Xo Sin @ 


Xp) +X COS O 


Note: SHMs can be added like vectors. Result is same as 
parallelogram Law. 
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Composition of two perpendicular directions 
give rise to Lissajous figures. 


x? 
1--> 


0 


; ; X 
x = x Sin æt or sin æt = PN and cos œt = 
0 


y = y, sin (wt + $) = y, sin wt cos ¢ + y, cos wt sin ġ 


2 


Y=y, A cos + y, Do sin @ 
0 


or 2- cos) = (1-5) sin? @ 
Xo Xo 


yo x 2xy , 
or =+- cos ¢ = sin? ¢ 
Yo 


Fig. 8.14 (a) 


IfO<o¢< — 5 for example ¢ = Z | oblique ellipse as 


shown in Fig. 8. i (b) is obtained. 


ge 
0<¢<— 
9 2 


— 


Fig. 8.14 (b) 


If d= 7 > ellipse i is obtained and if x, = y, the circle is 


obtained. ae Fig. 8.15.(a) and (b) 


oy ee aan OC 


% * Wid =F % = wid =F 
Fig. 8.15 


If @¢ = 180° or z-radian then a straight line is 
obtained. 


Fig. 8.16 


Oscillaationsand Waves 


Lissajous figures If the frequency of SHM in x-and 
y-direction are different then in Fig. 8.17 (a) 


n 
x 


Fig. 8.17 (a) 
—=— _ number of times it touches y-axis 
®, A number of times it touches x-axis 
= < and in Fig. 8.17 (b) 
O, 2.8 
O l 


Fig. 8.17 (b) 


Types of Oscillations Oscillations may be of four types 


(a) free or natural or fundamental frequency. 
(b) forced. 

(c) resonant. 

(d) damped. 


Free or natural oscillations depend upon dimensions and 
nature of the material (elastic constant). 

If a periodic force of frequency other than the natural 
frequency of the material is applied then forced oscillations 
result. 

For example if y = y, sin wt was the equation of SHM 
of a particle and a periodic force p sin w,t is applied (œ + 
œ) then y = y, sin wt + p sin œ t. The resultant frequency is 
different from natural frequency of oscillation 
Resonant oscillation are a special kind of forced oscillation 
in which frequency of the source = frequency of the applied 
force, i.e., y= y, Sin wt + p sin wt = (y, + p) sin wt. That is 
amplitude increases or intensity increases with resonance. 

In damped oscillations amplitude of vibrations falls 
with time as shown in Fig. 8.18. 


Fig. 8.18 
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Amplitude at any instant is given by = y= y, e where 
y, 1s amplitude of first vibration and y is amplitude at time t 
and b is damping coefficient. 


—bt 


Damped harmonic motion 


FP +r g + kx =0 
dx rdx k 

or of ma m’ 
2 

or ËX on Č sore =0 
d? dt 


p 
where b = =— is called damping coefficient. 


2m 


eo ge ( po Je ae 
2 b* —@’ 


+ ;-__2 ge 
b*? —@’ 


gives amplitude at any instant. 


if ——s - or b > œw motion is over damped and 
2m m 


non-oscillatory 


r k 
If 5m = or b = œ motion is critically damped 


and x = x, et 


r k 
If >< ni b < w damped oscillatory motion with 


time period fe a 
Va*—b’ k r 
m 4m 


m 
If r= 0 motion is undamped and T= 27 a ; 
Three types of waves may be defined — mechanical, 
electromagnetic and matter waves as illustrated in Fig. 8.19. 


Here we are concerned with mechanical waves only. 


Waves 


Matter wave or 
de Broglie waves 


Mechanical Electromagnetic 


Plane progressive waves 


— 


Longitudinal Transverse 


Shock waves 


Fig. 8.19 Waves description 
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A wave is a disturbance which propagates energy 
from one place to the other without transporting matter. It is 
spread over a region without clear-cut boundaries. It is not 
localized. 


Diffraction It is a convincing proof of wave nature. It 
differentiates between particle nature and wave nature. 


Mechanical Waves require an elastic medium to 
propagate. Therefore, mechanical waves are also called 
elastic waves. Waves like electromagnetic and matter waves 
do not require any medium to propagate. 


Shock waves are a kind of pulse propagation and are 
mathematically expressed as 


a 
A b+(xżŁ vt) 

Shock waves are produced during earthquakes, 
volcanic eruptions, bomb blasts and during a sonic 
boom. 

y= y, (wt — kx) is the wave propagating along positive 
x direction. 


Plane progressive wave is given by 
y= ypsin(wt — kx) 


where k is called propagation constant or wave 
number, @ is called angular frequency, y, amplitude and 
y instantaneous displacement. Such a wave is called a 
displacement wave. 


2 
K= ra where A is wavelength, (œt — kx) is the phase 


at any instant. When path difference Ax = A, then phase shift 
Ag = 2z. In general kAx = Ag. 


A wave can have two types of velocities. 


Wave velocity or phase velocity and group velocity 
or particle velocity. 


ae 
Wave Velocity v= a g P 


In a dispersive medium, wave travels with a group 
velocity 
dv 
v =v—A — 
group dA 


This is the case for electromagnetic waves. For 
example, in water and glass and so on different wavelength 
travel with different velocities. 

d dx d 
mE a A = —v(slope) 


particle ~~ at at dx 


= — wave velocity x slope at that point 


Particle Velocity v 


A plane progressive wave mechanical or electromagnetic 
may be expressed in one of the following forms 


y = y,sin(wt — kx) 


=y sinw | [-— 
Saas y 
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: X 
y= ysin2z | ft-— 
pear 2-3] 


y = y,sin2z (+ -=] 
T å 


y = ysin k (vt — x) 


e If the sign between ¢ and x is negative then the wave 
propagates in positive x direction. 


e When a wave passes from one medium to the other 
its frequency does not change. 


Velocity of wave in a string v = E 
u 


where T is tension in the string and z is mass/length 


of the string. 


Frequency of Wave in a String 


If vibrating in p-loops (transverse), 


p IT 
fundamental frequency f= —,/—. 
21\ u 
Longitudinal waves in a string have p-loops 
pit 
fe TT 
u 
Average power transmitted along the string 
1 ME F 
average _ 2 y 


= 2r?u X fv 
Average intensity 


I =r pn fy 


average 


Interference of Waves in the Same Direction 
If y =y, sin(kx — wt) and 
Y, = Yq,Sin(wt — kx + Q) 
then y= y, + y, and y= y,Sin(@t — kx + 6) 
Apply vector laws 


Yo y Yor + Yon +2 Yor Yon COSP 


Yo Sin Ø 


tanô= ————- 
Vo, + Yoz COS Q. 


y, will be maximum when cos ¢ = 1 or ¢ = 0 or 2nz 


where n = Q0, 1, 2... 
Y, will be minimum when cos ¢=-—1 


cos ġ = (2n + 1)z 


when amplitude y, is maximum the constructive 
interference is said to take place as sound intensity will be 


maximum and the path difference is nd. 
oa Yoi + Yoz’ 


Yomin J0 A 


Oscilationsand Waves 


Amplitude is minimum when phase difference is an 
odd multiple of z or path difference is an odd multiple of 
half the wave length. 


2 
l iaso (Yo + Yoo) 
2 
L nin (Yo — Yoo) 
when intensity is minimum destructive interference 
occurs. 


If the reflection occurs from a denser medium, it 
introduces a phase shift of z radian or 180° between incident 
and reflected wave as illustrated in Figure 8.20 


Fig. 8.20.Reflection from the wall 


Note thatif the wave is travelling in a string which is a 
combination of two mediums then, if the wave travels from 
the lighter to the denser string it 1s reflected out of phase (or 
180°) from the junction but is transmitted in phase. 


If a wave propagates from denser to lighter string phase 
is shifted neither for the reflected nor for the transmitted wave 
as illustrated in figure 8.21. 


lighter strin 
ë \ ë Transmitted wave w siring 
(a) 


‘ lighter string 


Reflected wave C J 


(b) 


denser string 


denser string , , , 
Transmitted wave lighter string 


a 
© 


sanser pmmg lighter string 


—_ ea 


Reflected wave 
(d) 


Fig. 8.21 Reflection and transmission from 
denser and rarer medium 


Standing waves or stationary waves are produced when 
two waves having the same amplitude and same frequency 
superpose while travelling in opposite directions. 


| Oscillations and Waves 


N N N N N N 


A A A A A 
N > Node A > Antinode 


Fig. 8.22 Standing wave illustration 


that is, y =y,sin(kx — œt) 
and y,=y,sin(kx — œt) superpose. 
Thus, y= y, + y, = (2y,sin kx) cos ot. 


Normally, a wave and its reflected wave superpose to 
produce standing waves. The points of maximum amplitude 
are called antinodes and minimum amplitude are called nodes. 
Separation between two consecutive nodes or antinodes is 
A/2. Separation between a node and an antinode is A/4. 


Notes: 


1. Ina travelling wave the disturbance produced in a 
region propagates with a definite velocity and in a 
standing wave it is confined to the region where it 
is produced. 


2. Inatravelling wave the motion of all the particles is 
similar. In a standing wave different particles move 
with different amplitude. 


3. Inastanding wave particles at node always remain 
at rest. In a travelling wave there is no such particle 
which remains at rest always. 


4. In a standing wave all the particles cross their 
mean positions together. In a travelling wave there 
is no instant when all the particles are at the mean 
position. 

5. Inastanding wave all the particles move in phase. 
In a travelling wave the phases of neighbouring 
particles are always different. 

6. In a travelling wave energy from one region of 
space is transferred to.the other region of space. In 
a standing wave the energy is always confined in 
that region. 


Yor + Yor 
Yoi — Yoz 


Yoma = 


Standing wave ratio (SWR) 
Yo min 


For a progressive wave, SWR = | (as y,, = 0). For 
standing wave SWR = œ 


ee dy_idy 
n stan ing Waves de v dt’ 


The amplitude of the wave y, = 2y, sin kx is a periodic 
function of position (and not of time as in beats). If a 
loop vibrates in a single loop, the mode is fundamental. 
There are two nodes and one antinode and frequency 
is f. If there are n loops we say the string is vibrating 
with mth harmonic or (n — 1)th overtone and there will 
be n antinodes and n + 1 nodes. Frequency in this case 
will be nf. 


as] 


That is, in a string fixed at both ends all integral 
multiples of fundamental frequency are allowed and 


L i 
f= u` 


Vibrations of Strings Axed at One End 


Note that at the open end an antinode will be formed and at 
the fixed end a node will be formed. 


e Only odd multiple of frequencies are allowed. 
e n harmonic = (n — 1)th overtone. 


e Fundamental frequency is also called note or first 
harmonic. 


e Octave is the tone whose frequency is double the 
fundamental frequency 


Ist harmonic 
or 

lst resonance 
or 

fundamental 

frequency 


Al4__@w \N, 


2nd overtone 
or 

2nd resonance 
or 

3rd harmonic 


5th harmonic 
or 

3rd resonance 
or 

4th overtone 


(c) 


Fig. 8.23 Standing wave in a string fixed at one end and 
open at other 


Melde’s Experiment 


p IT 
=7 m ; p = number of loops 


Longitudinal mode 


mh 


Fig. 8.24 (a) 


p 


T 
= —,/— where P = number of loops 
21 \ u 


Transverse mode 


Fig. 8.24 (b) Melde’s experiment 


_ Ptransverse 
P longitudinal E 2 


Velocity of a wave on the surface of a liquid is 


_ |84, 2T 
° 2m Ap 


= 


where T is surface tension and p is density of the liquid. 


Velocity of Torsional waves in a rod is 


p 


Pressure waves given by p = p, sin(œt— kx) are termed 
as sound waves. Sound waves are longitudinal in nature 
and consist of alternate compressions and rarefactions. 
To human ear only the frequency range 20-20000 Hz is 
audible. These limits are subjective and may vary slightly 
from person to person 


If y= y,Sin(@t— kx) is displacement wave, then change 
in volume 


Ady 
dV = Ady = —~ dx =A y (k) cos(wt = kx) dx. 


dx 


Volumetric strain 


av f Ay, - 2) cos(at — kxjdx |-. % =y 
V Adx pal 
m 

p=- =~ SR, cos(at — kx) 


where B is bulk modulus. 


Also note that there exists a phase shift of 90° between 
displacement and pressure wave 


[E 
General formula v = p where E is elastic constant 


Speed of the Sound Wave 


[P 
Newton’s formula v= ./— 
p 


Newton considered the change to be isothermal. 


Laplace’s Correction Laplace considered adiabatic 
change and derived 


v= ie (It gives correct results) where 
\ p 
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-Q 
V 
yRT B 
y = y = — 
M pP 


and B is bulk modulus where M is molecular mass of 
the gas. 


In solids we may write 


ly 
v= ,|— were Yis Young’s modulus 
p 


For transverse waves in solids (bulk material) 


|B +7/3 
T aaa where n is shear modulus. 
p 


Effect of Temperature 


VT where Tis temperature in Kelvin. 


where ¢ is temperature in celsius (°C) 
when temperature rises by 1°C velocity of sound 
increases by 0.61 ms”. 


Intensity Z=2r? py, fv 
_ 2n"* By, pa 


1 
Intensity J « fe) (for an isotropic source) 


1 
Iœ A (for cylindrical source) 


where ris the distance between the source and observer. 


Effect of Pressure Velocity of sound is not affected by 
pressure. 


l 
Effect of density ve T where p is density. 
p 


With increase in humidity the density of air decreases 
and, hence, speed of sound increases. 


Appearance of sound in human air is characterised by 
three parameters — pitch, loudness and quality. 


Pitc h is related to frequency. Higher the pitch sweeter is the 
sound. Children and Ladies speak at higher pitch as compared 
to men, therefore, their sound appears sweeter. Higher the 
frequency higher is the pitch. 


Loudness is correlated with sound level. Human ear can 
hear a minimum intensity 


= 10°? W/m? 
whispering 10 > dB 
normal talk — 60dB 


I 
sound level in dB SŁ = 10 log,, + 
0 
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Even at 80 dB (heard continuously for sometime) 
headache begins. At 130 dB person may become temporarily 
insane. 


Quality No source of sound generates a single frequency. 
For example, even a tuning fork marked 288 Hz will not 
produce only fundamental frequency of 288 Hz but also 
produces along with it, integral multiple of frequencies like 
2 x 288 = 576 Hz, 3 x 288 = 864 Hz and so on and so forth. 
The difference in sound of a tabla and mridung being 
played at same frequencies is due to difference in number 
of harmonics produced and their amplitudes. 

Remember that speech ends upto 3 kHz. Rest frequency 
range upto 20 kHz are only higher harmonics and are used in 
music. The higher harmonics are particularly pleasant to the 
ear. A noise has frequencies that do not bear any well-defined 
relationship among themselves. 

Interference of Sound Waves If P, =P, sin(wt— kx) 
and P, = P sin(@t— kx + ô) interfere we assume the sources 
are coherent (say two tuning forks of same frequency) then 


P=P _ +P, =P sin(at— kx + ¢) 


P =N Poi a Pa +2 Poi Poz COS Ô 


Po Sin ô 


and 


tan ọ = 
Poi + Poz COS Ô 


If phase difference ô= kAx = 0 or 2nz then, intensity 
will be maximum and constructive interference results. 
Path difference in such cases is an intergral multiple of 
wavelength. 


If phase difference 6 = kAx = (2n + 1)z then, intensity 
will be minimum and destructive interference results. In such 


cases path difference Ax = (2n + n 


(Po + Po) _ (Yo tya)" 


l iia (Po = Po j (Yoi Yn ) 


Toe (Po + Poo j 


Quinke’s tube is usedto demonstrate interference of 
sound. 


If path difference is Ax then phase difference 


= kAx=——. 


Reflection of sound wave can cause: (a) echo (b) 
longitudinal standing waves. 


Fig. 8.25 Interference in Quinke tube 
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Echo is produced when the reflected wave (sound) 1s 
heard again by the producer or by others also. 


Echo is produced when a minimum distance between 
the source and the reflector is 16.6 m as demonstrated 
in the Fig. 8.26. Distance covered by sound to reach the 
producer is 


Source 


Fig. 8.26 Echo production 


2x = vt 
2 1 
x= LSC Nes =16.6m = 55 ft. 
2 2 10 


1 
We take t = To s because this is the minimum time 


between two syllables being heard clearly. 


Echo.can be heard in a smaller room provided it is 
empty and windows and doors are closed. 


To find the distance in echo production use x = 


N |S 


Standing Waves 


(a) Standing waves in closed pipes are with reference 
to diplacement waves. For pressure waves position 
of nodes and antinodes will interchange. Same is 
true for Fig. 8.27, that is, open pipes. 


f= f, 
A 
Ist resonance 
or 
1 -1/4 Ist harmonic 
or 
fundamental frequency 
N 
Fig. 8.27 (a) 
_ f= 3f 
A 
N 
1 =31/4 2nd resonance 
or 
A 3rd harmonic 
or 
1st overtone 
N 


Fig. 8.27 (b) 
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S56 
A 
N 3rd resonance 
or 
A . 
151/4 5th harmonic 
or 
N 2nd overtone 
A 
N 
Fig. 8.27 (c) 


In closed pipes resonance occurs at 


= —,—,—.,..., that is, at odd multiple of A/4. 
4 4 4 


Only odd integral multiples of fundamental frequencies 
fo 3f Sf, and so on are allowed. 


Note that at the open end an antinode occurs and at 
closed end a node occurs. 


(b) Open pipes 


X f=f 
fundamental frequency 
or 
N l=1/2 lst resonance 
or 
Ist harmonic 
A 
Fig. 8.28 (a) 
f= 2f, 
N 
iN 2nd resonance 
| or 
A a Y) 2nd harmonic 
or 
1st overtone 
N 
A 
Fig. 8.28 (b) 
f= 3f, 
A 
N 
A 3rd resonance 
or 
N 1=31/2 3rd harmonic 
or 
A 2nd overtone 
N 
A 
Fig. 8.28 (c) 


Oscillationsand Waves 


In open pipes resonance occurs at 


A, 3A 
j= 3 A ,..., that is, all integral multiples of A/2. 


All integral multiple of fundamental frequencies fy, 2f,, 
3f,.... are allowed or all harmonics are allowed 


End correction Z + 0.3 d= 4/4 for first resonance, where, 
d is diameter of the pipe for second resonance. 


3A 
L+0.3d= 7 


a 
(L Z l) = j 
v= Xl,- 1) f=). 


In Kundt’s Tube heaps of lycopodium powder/sand are 
collected at nodes 


ANYA AO 


k—â/2— 
Fig. 8.29 Kundt's tube method 


separation between two heaps is equal to z` 
Be ats Periodic increase and fall in the intensity of sound 
is called beats. Beats are produced when two sources of 
sound of nearly same frequency are sounded together. Beat 
frequency 


n=|f -f 
n < 10 Hz 


Beats can also be produced by superposition of tones. 
We illustrate it by an example. Assume two sources of sound 
of frequencies 200 Hz and 404 Hz are sounded together [as 
f,-f, >> 10 no beat should have been heard]. Then 4 beats/s 
are heard. It is because of the fact that 


404 — 2(200) = 4 beats/s are produced. 


That is, fundamental frequency of 404 Hz superposes 
with 2nd harmonic of 200 Hz wave to produce 4 beats/s. 


Note: Beat is interference in the time regime while generally 
known interference is superposition in distance or space 
regime. 


Refraction of Sound 
As solids are most elastic and gases are least elastic 
or E >E 


solid liquid > E as 


Therefore, velocities are maximum in solids. 


y >V 


solid liquid > ier 


There could be few exceptions. For example, in 
vulcanized rubber velocity of sound is less than that of gases. 
In alcohol also velocity of sound is less than that of gases. 


Velocity of sound is virtually independent of frequency 
variations. 
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Sound 


——-——- 


emo ee me me me me me ee r = "= ==- 


= do 


Fig. 8.30 (b) Refraction of light 


For light, water is denser as the speed of light decreases. 
In case of sound water is rarer as speed of sound increases 
as illustrated in Fig. 8.30. 
sini v, 
However, sinr E v, is valid even for sound. 


Diffraction Bending of waves from an obstacle or an 
opening is called diffraction. Diffraction is a characteristic 
property of wave motion. All types of waves are diffracted. 
Wave nature of even electrons was demonstrated by Davisson 
and Germer by diffraction of electrons. Diffraction ofsound 
is more pronounced as the wavelength is large. Therefore, it 
can be diffracted from any material object. 


Doppler Effect When there is relative motion between 
the source and the listener the apparent frequency changes. 
This change in apparent frequency because of relative motion 
is called Doppler effect. 


Source Listener 


Fig. 8.31 Doppler effect 


Let v be the velocity of sound, v, velocity of the source, 
v, velocity of the listener then 


le f 


V v 
V Vo 


where = is the apparent frequency heard by the listener and 
frequency fis the frequency of the source. 


The above formula is written keeping in view the 
positive and negative sign to be assigned for v, and v, as 
shown in Fig. 8.31. 


If any of the two is at rest that particular velocity 
becomes zero in the above formula. Thus, this formula may 
be applied to all cases. 
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If the source or listener moves with a velocity greater 
than velocity of sound then Doppler effect cannot be applied. 


When the source of sound goes past the observer 
(stationary) the change in frequency is 


25h 


2 2 
v-v; 


Af = 


If the observer goes past a stationary source then 
change in frequency 


2V, 
Af s — 
Vs 
Doppler effect in light is An -2 yY 
A f c 
0.17V 
Reverberation time T = aA 


where V is total volume and A = y as where a. iS 


absorption coefficient for surface area s.. 


Short Cuts and Points to Note 


1. Periodic motion may also be termed as isochronous. 
Fourier theorem can be employed to express a 
complex perodic function as series of sine and cosine 
functions. That is, if f (T) is a complex function of 


time then f (T) =a, + Dy a, sin nat + » b, cosnat . 


n=1 n=l 


2. SHM may be divided into two types 


(a) Linear (b) Angular. 
In Linear SHM 
a=- @x or F=- kx. 
In angular SHM 
a=-0 0 
or t = — C 0. Note in both cases acceleration is 


proportional to displacement. 
2 
at 
if motion starts form mean position at t= 0 (1i) x = x, 
cos wf if motion starts from extreme position at t = 0 


3. Solution to equation =- ox are (i) x =x, sinwt 


x = x, sin(att ¢) j the motion starts in between 


x = x, cos (øt + ¢)| mean and extreme at ¢ = 0 


We may also represent x = x, e’’’**as SHM in 
exponential form. 


dx 
4 Hrs x sin wt then v = a X,@ COS wt use these 
equations when time is given in the problems. 
ifx= nee = l 
x=x Cos att en v = di =—X,@ sin ot 
2 


If displacement is given then v=@ 4x — x 
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Note v „= x,w at mean position. v = Q at 
extreme position. Velocity displacement graph is 
ellipse. 


5. Use a=- wx if displacement is given. Acceleration 
displacement graph is a straight line with obtuse 
angle slope. 


Use a = — œx, sin wt if time is known and particle 
starts from mean position at ź = 0 


Use a = - wx, cos wt if time is known and particle 
starts from extreme position at ¢ = 0. 


a__=-’x, cos wt at extreme position. a_. = 0 at 
max 0 min 

mean position. acceleration — velocity graph is an 

ellipse. 


1 . . 
6. KE = 3 mo? (x? — x°) KE is maximum at mean 


position KE „= 5 mw°x, KE is minimum at mean 


position KE „= 0. 


7. The frequency of KE or PE is twice the frequency 
of SHM. 


1 t I e 
8. PE= 3 mo’x. PE is maximum at extreme position 


1 «a . . 
when x = Xy PE = = mo’x.. PE is minimum 
max 2 0 


at mean position. From this equation it appears 
PE =Q if x = 0, i.e., at mean position. But it is not 
necessary that PE at mean position be zero. For 
example, if the bob of a pendulum is at a height 
h at x = 0, i.e, pendulum has some PE at mean 


ae . 1 
position. Thus, general equation of PE = 7 mx + 


positional PE. 


T? 
9. If a tunnel is dug in earth diametrically or along a 


chord then T = 27 J along the tunnel. 


However, if the ball is released from a height h along 
the tunnel as shown in the Figure then 


-4 [E 44 [Ranh 
T=4 a +4 Bsn ator | 
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10. If a charged paritcle having charge q is released in 
a tunnel in a charged solid sphere of charge Q and 
radius R then 


3 
T=2nx ae 
Qq 


11. If a dipole of moment p is suspended in a uniform 
electric field then time period for small oscillation is 


T=22 pi where J is moment of inertia. 


12. If a magnetic dipole of moment M is suspended 
in a magnetic field of induction B then time 
period 


I 
T=22 MB 


13. Fora simple pendulum 


T=22 E if ĝis small 


for a pendulum with finite angle 0 = 6, 


1{, o 
T=2x /—|14+— 
x fed] 


If the bob of the pendulum has radius r 


Time period of a long pendulum 


T=27 1 
FI 
if l > œ 
T= 27 & = 84 min 36s, 


| Oscillationsand Waves 


14, For a physical or compound pendulum 


2 2 
Tan I _ fk +l 
mgl gl 


where / is distance of axis rotation from COM. 


where k is radius of gyration. 

The plot time period versus displacement from 
axis of rotation in a bar pendulum (or a compound 
pendulum) is shown in the Figure. 

Note T is maximum if != 0 or 1=0 


T =0 


max 


Tis minimum if l= k 


T =2r flcosd | 


min 


£ 


; 
I 
I 
I 
O I 
O i 
= 
a | 
(ab) I 
È 
im i 
I 
I 
I 
I 
I 


T=22% 2ki = 2r f 
\ Ie g 


16. For a torsional pendulum 


17, 


T=22 £ where K is torsional rigidity. 
In a spring pendulum 


if spring has mass M then 


If springs are in parallel, use k „= k, + k, +... 


If springs are in series, use a —+— +..... 
ke K 


or 


18. 
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If masses M, and M, are attached to two ends 
of a spring of spring constant k. The spring is 
compressed by x and released to oscillate. Use 
reduced mass in such cases. 


toi 1 
H M, M, 
_ MM, 
H= M+M, 
H 
T=2n jt 
M.M 
=2 1 2 À 
“ A (M, + M,)k 


In a spring pulley system: 


See Figures 


(a) 


Pulley massless and smooth 


(b) Tem O a 
k m 
T =2z,|— 
4k 
If pulley has mass m 
and MOI I then 
using conservation of 
energy and differentiating I 
energy to find force and T=2 ra 
relating F = — kx we find ac Ak 


wor T 
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19, 


20. 


SHM of liquid in U-tube: 


In Figure 


l 


If one side of liquid has length as shown in Figure 
then 


SHM in cylinder — piston In a vertical cylinder 


T=22 a as shown in this Figure. 


f | 


1 


! 


In a horizontal cylinder/piston system having a gas 
of bulk modulus B or pressure P. Volume V, 


— | — 


21. 


22. 


23. 


24. 


2): 


26. 


27. 
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[MV | MV, 
T=2 a = 2K [ 
"NÆB NAP 


In (adiabatic conditions) 


In (isothermal conditions). 


If pendulum is in a carraige moving vertically up or 


I 


down with an acceleration a, then T = 27 T 
geta 


use +ve sign for upward motion and use —ve sign 
for downward motion. 


If the carriage is accelerated horizontally with an 


acceleration ‘a’ than T = 2a .!—3——sqa 
(g° +a’) 


If the carriage moves in a circle of radius r with 
velocity v, i.e., it is in a merry-go-round then 


If the sphere of radius r slides on a concave mirror 
of radius R then 


(R-r) 


T=27 


If the sphere of radius r rolls on a concave mirror 
of radius R then 


7(R-r) 


T=2r . See Figure. 


: ) O1 
s 
-------------------------@ 
mu 


If the bob of a pendulum is immersed in a liquid 


(non viscous) T = 2z 


SHM in the same direction but with phase difference 
are added like vectors. Thus, if x, = x,, sin œt and 
X, = Xy sin (wt +0) are added then resultant is an 
SHM 
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28. 


29, 


30. 


31. 


32; 


x = x, sin (wt + $). So that 


= 2 2 
X= Bes + Xj + 2X) Xy cos@ and 


Xp Sin 0 

tan ¢ = —————_.. 
Xo, + Xp COSO 

If two SHMs are at right angles i.e., along x and 

y directions and a phase shift of 0° or 180° exists 

between them they form a straight line otherwise 


an ellipse is formed. If ġ = 90° or 3 radian and 


X, = y, (amplitudes are equal) then a circle results. 


If the frequency of SHMs in x and y directions are 
different, Lissajous figures are formed 


@, ", _ number of times it touches y-axis 


x 


@, n, number of times it touches x-axis 
phase difference ¢ can be found from oblique ellipse 


as shown in the Figure. 


Oscillation are of four types: free, forced, resonant 
and damped. Resonant oscillations are a special kind 
of forced oscillations in which frequency of force = 
frequency of source. In damped oscillation.amplitude 
at any instant is obtained using x,’ =x} e where 
x, is amplitude of first oscillation. 


Average energy stored 


eae = energy loss in one cycle ~ 


OT where t 1S relaxation time. Relaxation time = 


S (for energy). Relaxation time for velocity = m, 


r k 
Ifb= 5, = o|- fe | motion is non oscillatory 


and overdamped 
Ifb=q@ motion is critically damped. 
Ifb<q@ damped oscillatory motion occurs. 


Ifr=0  undamped oscillations result. 


. To produce longitudinal waves the medium should 


possess bulk modulus of elasticity. 


. To produce transverse wave the medium must 


possess shear modulus of elasticity. 


10. 


11. 


12. 


~. . dx 
. Wave velocity is — =v 


. Particle velocity = — 
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. y=y,sin(@t — kx + @) is the equation of a plane 


progressive wave in positive x direction. @ is 
initial phase angle or epoch. Normally, we write 
a simplified equation, y = y,sin(wt — kx). A more 
general equation of wave is y = y,e"@*"™ 


2a 


¿ka 4A is propagation vector or wave number. 


? = fà and may b 
—— = and ma 
dt k oe 


called phase velocity. In a dispersive medium waves 


travel with group velocity v, given by 
E Adv 


: . In dispersive mediums waves of 


different wavelengths travel with different velocity. 


oy QA = —V „e (slope) 


dt dt dx 


Maximum particle velocity = y,w 


. Frequency of the wave does not vary when a wave 


passes from one medium to the other. 


. Power (average) transmitted along the string is 


2 
© xF 


= 27? HX fv 
2v 


Py = 


Intensity = 27? Pr fv where u = mass/length and 
p = density of the medium. 


. Interference of waves travelling in the same 


direction is obtained using vector laws 


Y = You + Yoo +2 Yo Von COS É and 


Yo SiN Q 
tan 6 = — ~ 
Yor + Yoz COS Q 
if Y, = ya Sin(kx — wt) and 


Y, = Yp,Sin(@t — kx + $) interfere. 


Inx _ Oa t Yoo). 
d ii (Yo — Yor y 


Maximum intensity is obtained when phase shift 
is zero or path difference is an integral multiple 
of wavelength. Minimum intensity or destructive 
interference occurs when phase shift is an odd 
integral multiple of z radian or odd integral multiple 
of half the wavelength. 


Reflection from a denser medium causes a phase 
shift of 180° and reflection from rarer or lighter 
medium occurs without change of phase in the 
string. 

Standing waves result when two waves having same 
amplitude and same frequency travelling in opposite 
directions superpose. 
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LD: 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
2L; 


22: 


23; 


24. 


y = 2y,Sin kx cos wt represents a stationary wave in 
strings. Note that (2y,sin kx) shows amplitude and 
is a function of distance. 


At certain places, amplitude is maximum (antinodes) 
and at other places amplitude is zero (nodes). 
Separation between consecutive nodes or antinodes 
is A/2. Distance between a node and consecutive 
antinode is A/4. 


vary _ dy 
d dê 


y = 2y cos kx sin wt represents stationary wave 
equation which fits in closed or open pipes. 


satisfies the standing wave equation. 


1 IT 
f= p — is used for fundamental mode in strings 
H 


vibrating with transverse stationary waves. 


In a sonometer, transverse stationary waves are 
produced. 


IT 
= — can be used for finding frequency if the 
H 


string is vibrating in n loops. 


In Melde’s experiment if the transverse mode is 
used 


z= j= and 


p IT oe 
f= T m for longitudinal mode. 


Only transverse waves can be polarised. Longitudinal 
waves cannot be polarised. 


Sound waves being pressure waves are longitudinal. 


If the disturbance produced is always along a fixed 
direction. The wave is linearly polarised in that 
direction. For example, y = y,sin(@t — kx) is linearly 
polarised in y direction. Linearly polarised waves 
are also called plane polarised waves. 


If each particle of a string moves in a small circle 
as the wave passes through it then the wave is 
circularly polarised. If each particle moves in an 
ellipse it is elliptically polarised and if each particle 
is randomly displaced, it is unpolarised. 


A circularly polarised or unpolarised wave passing 
through a slit does not show change in intensity as 
the slit is rotated in its plane. But the transmitted 
wave becomes linearly polarised in the direction 
parallel to the slit. 


Number of nodes and antinodes in a tuning fork 
when vibrating in fundamental mode as illustrated 
in figure. Antinodes are A, and A, and A,. A, is 
longitudinal antinode while A, and A, are transverse 
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antinodes. If the tuning fork vibrates in nth 
harmonic then number of nodes = 2n and number of 
antinodes = (2n + 1) 


A A 


! 


3 antinodes and 2 
nodes are formed 
in fundamental 
mode 


A, (longitudinal) 


Nodes and Antinodes in a tuning fork 


Vome Y where y= —. 
Vms (Of a gas) N3 C, 
. Speed of sound 


= ye = an where M is molecular mass of 
P M 


the gas and p is density of the gas. 

In solids v = E if rod or string or long rail where 
p 

Y is Young’s modulus. 


ys E in bulk of material. Where B is bulk 
p 


modulus. 


= B in bulk of material for transverse 
\ p 


mechanical waves where ņ is shear modulus. 


. There is a phase shift of 90° between pressure and 


displacement wave. 


. p = p,sin(@t — kx) is the pressure wave or sound 


wave. 


B 
p= = where, B is bulk modulus. y, is amplitude 
of displacement wave. 


. Effect of temperature v « JT 


a 


v, = 330 ms™ at 0°C 
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7. 


10. 


11. 


12. 


Velocity of sound in a medium is independent of 
wavelength or frequency. Frequency of a tuning 


8 
d, =d 


fork in falling plate method is f = m 


where m is complete number of waves used and 
d, and d, are consecutive distance for m number 
of waves. In stroboscopic method f = mp where 
m is number of holes on the plate and p is angular 
frequency in revolution per second. 


Velocity of sound by falling plate method 


. Velocity of sound is independent of pressure. But 


1 
it varies with density v « ie . Velocity of sound 
fe, 


is maximum in rainy season. 


. Intensity of sound J = 27? PY, f2v 


f= 27? py, fv = 2a Byo f? _ Pov Po 

y 2B 2pv 
Pitch is related to frequency. Higher the pitch, higher 
is the frequency. Children and ladies speak at higher 
pitch compared to men. Higher frequency or higher 
pitch sound is more sweet. 


Loudness is correlated with sound level. Minimum 
intensity that is audible to human ear is 10- Wm? 


0 


Sound level in dB SE = 10 nz} 


I I I 
10 log 4 = 10 log — - 10 log = 
oT e7 oT 


0 0 2 
80 dB sound level can cause headache if heard 
continuously for some time. 


Sound level > 130 dB may make a person 
temporarily insane. Maximum tolerable sound is 
120 dB. Normal talking level is 60 dB. 


Quality of sound is related to number of harmonics 
produced and their amplitude by a source. It is due 
to quality of sound that we can recognize a person 


13. 


14, 


15. 
16. 


17. 


18. 
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by his/her voice. Even an instrument being played 
can be judged. 


Interference of sound in time frame (regime) 
produces beats, that is, if two sources having 
frequencies nearly equal superpose then periodic 
increase and fall in the intensity of sound is heard. 
This is called beats. 


Beat frequency n = |f, — fl < 10 if they are to be 
heard. 


If a tuning fork is vaned or filed its frequency 
slightly increases and if a tuning fork is loaded or 
waxed its frequency slightly decreases. More than 
10 beats/s cannot be heard. 


Tuning fork frequency f= = i 

2A Nu 
Superposition of wave in space (x) is termed as 
interference and gives intensity of sound varying 
with distance. Sound intensity is maximum if phase 
shift is an integral multiple of 27 or path difference 
is nA, Intensity is minimum when phase difference 


is (2n + 1)z or path difference is (2n + D ' 


2 2 
D. s(2atze) -2 
Fin Poi — Po Yoi — Yoz 
Quinke’s tube is used to study interference of sound. 


Reflection of sound from a general obstacle may 
result in an echo. For echo to be produced separation 
between source and obstacle should be 16.6 m or 
55 ft. Though echo can be produced because of 
multiple reflection in a closed and empty room. 
Felts, cushion and curtains and so on are absorbers 
of sound. A window (or opening) is the best 
absorber of sound. Human beings also absorb sound 


Reflection of sound wave in organ pipes produce 
standing waves. A flute may be used both as closed 
and an open pipe. If all the holes are closed it acts 
like closed pipe. By closing different holes, we can 
vary the length of the pipe and hence frequency 
varies. In closed pipes resonance occurs at 


yo a g or l= n- 1) 4/4 


where n = 1, 2, 3,.... 


Only odd integral multiple of frequencies are 
allowed in closed pipes, i.e., fo 3f Sf- are 
allowed 


In open pipes all integral multiple of fundamental 
frequency are allowed, i.e., f Zfo 3fọ--- are allowed. 
Resonance occurs when 


y= Ža, 3A that i ey = 1, 2. 35.) 
=> ry ae atl iS, i= 7 n= l, Ly Dye 
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19. 


20. 


21. 


Le. 


23. 


24. 


25. 


26. 


27, 


End correction is required in resonance tube 
experiment. 


A 
l +0.3 d= yi for first resonance. 


3A 
and Z + 0.3 d = z for second resonance. 
v=2f(,-1). 
Separation between two consecutive nodes or 


. _ A . 
antinodes is 7 and separation between a node and 


, . À 
an antinode is Pi . 


Refraction of sound occurs when sound wave travels 
from one medium to another. Normally velocity of 
sound follows the trend 


Veolid > Viiquid 


For light, glass or water is denser than air. But for 
sound, glass or water is rarer than air as velocity of 
sound is more in these materials. 


>y 
ga 


s’ 


sini v I , . . 
u= ——=—, that is, Snell’s law is valid. 
sinr v, 


Diffraction of sound is more pronounced than 
light because wavelength of sound is large. 
The diffraction occurs from any obstacle or 
a hole. Diffraction is a specific characteristic 
of wave. 


Doppler effect is the apparent change in frequency 
of sound appearing to the listener because of motion 
between source and listener. 


f= | | fcan be applied 
pp V Vs 


If wind of velocity v blows in the direction of sound 
then change v to v+ vor v — v depending upon 
wind is blowing in same or opposite direction. If 
wind is in the direction of sound then. 
(v+v, v)f 

Ji = oa ach 

(v+v,, Vz) 
If the source or listener move with a speed greater 
than the speed of sound then Doppler effect cannot 
be applied. 


Music is formed only with vowels. Octave (1 : 2) 
majortone (8 : 9), minortone (9 : 10) and semitone 
(15: 16). 


Velocity of a body _ Vioay 
Velocity of sound 330 


Mach number = 


Number of nodes = 2n and number of antinodes 
= 2n+ 1 when a tuning fork vibrates in mth harmonic. 
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Caution 


l. 


=> 


U AAJ Oy wN 


wa 


Considering every vibratory motion as SHM. 


Only those vibratory motions in which a = —w* x or 
a. = —w* 0 are SHMs. Note in SHMs amplitude x, 
or 8 are extremely small. Force is directed towards 
mean or equilibrium position. 

Assuming that decreasing amplitude with time in 
simple pendulum also decreases time. 


Time period remains unchanged. 

Considering amplitude synonym of span of SHM. 
Span of SHM = twice the amplitude. 

Considering ¢ as net phase in x = x, sin (wt + @) 


@ is initial phase at ¢ = 0. It is also called angle of 
repose or epoch. Note ġ should be small if motion 
is to be SHM. 

Considering that the time periods in case of spring 
pendulums on different planes like the one on 
inclined plane, other on vertical plane and yet 
another on horizontal plane are different. 


Time period in spring pendulum is independent of 
‘g , 

Considering total length as length of pendulum in 
a compound or physical pendulum. 


length from COM to point of suspension is to be 
used. 


1 
Assuming at half the amplitude time will be 8 th 


of the total time period. 


T , a 
= T if the particle starts from mean position, 


T . . 
and, t = 6 if the particle starts from extreme 
position. 


Assuming spring constant remains invariant when 
spring is cut. 


Spring constant k œ T° 
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9. 
> 


10. 


11. 


IZ; 


13. 


Considering total energy = KE + PE. 


Total energy = KE + PE + resting energy (positional 
PE) 


Assuming Average PE = Average KE always. 


1 
Average KE = Average PE = 4 ™ œ’ x,” (with 


respect to time averaged over time period). 


Average KE = 2 Average PE with respect to position. 


Average KE with respect to position= 3 mw’ x,’ and 


3 


1 
Average PE with respect to position = z mo’ x$. 


6 


Considering motion in V-tube is alike motion in 
U-tube. 


In V-tube shown in Figure. 


T = 2% en where p is density 
Apg(sin@, +sin 8, ) 


of the liquid. 


Considering that time period of a simple pendulum 
depends upon mass or amplitude as time period of 
a cylindrical bob having a hole at the base varies 
when the sand/water leaks through it. 


T=22 i: time period varies with length / or g. 
£ 


When the sand/water is being vacated distance from 
COM (length) varies hence, T varies. 


Considering mass of the spring does not affect time 
period. 


M 


we | 


14. 


17. 


18. 


Ze: 
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If mass of the spring is M, then net mass is m+ —_— 


Considering we cannot find frequency of oscillation 
using energy conservation. 


In SHM total energy is conserved. Therefore 
= 0. 


dE 
at 


. Considering that only one restoring force can act in 


SHM. 


There can be more than one restoring force. 


. Not remembering trignometric relations. 


Remember trignometric relations for better 
understanding of SHM and waves. 


Considering that all waves require a medium. 
only mechanical waves require an elastic medium 


Considering that both longitudinal and transverse 
waves.can be produced in any medium. 


Transverse waves require medium that shall possess 
shear modulus of elasticity. Therefore, transverse 
waves cannot be produced in gases. 


. Considering that waves could be only longitudinal 


or transverse. 


Waves could be a combination of both. For example, 
ripples in water, seismic waves during earthquakes. 


. Considering that medium is also transported along 


with energy during propagation of a wave. 


Only energy is transported and not the medium 
during propagation of the wave. 


. Considering only functions like y sin(œt — kx) or 


y,cos(@t — kx) can represent a wave. 
Functions like 


y = y,sin(wt — kx), y = y,cos(wt — kx) and 


y=y,t+ 5a, sin not + © b, cos not 
n=] n=l 


also represent waves which are complex periodic 
waves. However, plane progressive harmonic waves 
can be represented as 


y = ya Sin(æt — kx) + y,,sin(@t — kx) 
y = y sin(wt — kx) or y = y,cos(wt —kx). 


Confusion about the formula to be applied in strings 
to calculate frequency 


1 IT 
use f = ao when vibrating in fundamental 
H 


transverse mode and 
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23. 


1 IT 
f= Ta when vibrating in fundamental longitudinal 
H 


mode. 


Confusion about the modes of production of 
transverse and longitudinal wave. 


Longitudinal mode 


Transverse mode 


24. Considering that velocity of a wave is same at every 


25. 


26. 


point in the string. 


Velocity of wave in vertical strings is different at 
different points. 


Not applying end correction in resonant pipes. 


Apply an end correction equal to 0.3 d where d is 
diameter of the pipe using 


3A A 
M4 =1,+0.3 d and — =1,+0.3 duse — =l -1. 
4 2 os 


Confusing formulae for open and closed pipes. 


In closed pipes only odd integral multiple of 
fundamental frequency are allowed. 


length of the pipe / = aS. 
4 4 4 
for 1st, 2nd, 3rd, harmonic. 
In open pipes all harmonics are allowed and length 
of the pipe is 


27. 


28. 


29. 


30. 


31. 


32. 


33. 
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Considering that a vibrating source always produces 
sound. 


Sound frequency lies between 20 and 20000 Hz. 
Frequencies less than 20 Hz are called infrasonic 
and are not audible to human ear. Frequencies > 
20 kHz are inaudible and termed as ultrasonic. 
Bodies/waves having velocity > 330 ms” (velocity 
of second) are termed as supersonic. 


Considering intensity of sound and loudness as 
identical terms. 


Loudness is related to level of sound. It is measured 
in dB. 


I 
Sound level SL = 10 log, T 
0 


where J, = 10°? Wm? is the minimum intensity 
audible to human-ear. Pressure variation upto 10-'° 
Nm” can be detected. 


Considering that a source/musical instrument 
of same frequency will have same number of 
harmonics. 


Number of harmonics and their amplitudes are 
different and form quality of sound. 


Assuming that frequency, wavelength and velocity 
all change when a wave passes from one medium 
to another. 


Frequency does not vary. Also note that unlike light 
waves, sound waves with different wavelengths pass 
through a medium with same velocity. 


Considering that doppler effect can always be 
applied if there is a relative motion between source 
and listener. 
You cannot apply Doppler effect if the velocity of 
source/listener is larger than speed of sound. 
Comfusing between wave number and velocity 
amplitude and acceleration amplitude. 
Wave number or propagation constant 

an 
k= A: 

: 20 Yo 

Velocity amplitude v= Tr 7 
Acceleration amplitude 


2a" a” 
a, = ~ = =“ where T — time period 


Considering that there is no exception in the rule 


V solid > Viiquid 


In vulcanised rubber the velocity of sound < velocity 
of sound in hydrogen. In alcohol also velocity of 
sound < velocity of sound in hydrogen. 


>V . 
gas 


34. Not remembering value of y for monoatomic, 


diatomic or polyatomic gases 
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5 
= Values of y= z 


2 


1. 


for monoatomic, y = 1.4 for 


3 


= 
diatomic and y = 3 for polyatomic gases. 


eye ne 
p M 


Confusing how to use the formula 


v= -a = yP in a mixture of gases. 
M pP 


PRACTICE EXERCISE 1 
(SOLVED) 


A simple harmonic motion has an amplitude A and time 
period T. The time required by it to travel from x = A 
to x = A/2 is 
(a) T/6 
(c) T/3 


(b) T/4 
(d) 7/2 
A mass m is suspended from two springs of spring 


constant k, and k, as shown. The time period of vertical 
oscillations of the mass will be 


m 
(b) Py (k, +k) 


m 
(c) 2p m(k,k, ) (d) 2p mk, +k,) 
(k +k,) (kk) 


Two simple harmonic motions are represented by the 


equations Y, = 10 sin (3m7) and Y, = 5 (sin 3zt + 


V3 cos 3zt). Their amplitudes are in the ratio of 
(a) 2:1 (b) 3:1 
(c) 1:3 (d) 1:4 


A mass M attached to a spring oscillates with a period 
of 2 seconds. If the mass is increased by 2 kg the period 
increases by one second. The initial mass M will be 
(a) 1.6kg (b) 1kg 

(c) 1.5 kg (d) 2kg 


36. 


10. 
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= nM, E n, M, 


n+n, 
moles of gas 1 and gas 2 respectively. 


M 


av 


where zt, and n, are number of 


Considering that mediums which are denser for light 
are also denser for sound waves from refractive 
index point of view. 


Velocity of sound waves YV sig > Vaa Vaee 
Therefore, gases appear to have higher refractive 
index than liquids or solids. 

vy sini l 

1 = — = 4 is valid. 

v ganr 


However, 


The ratio of kinetic energy at mean position to the 
potential energy when the displacement is half of the 
amplitude is 
(a) 4/1 
(c) 4/3 


(b) 2/3 
(d) 1/2 


If the displacement (x) and velocity (v) of a particle 
executing simple harmonic motion are related 
through the expression 4y? = 25 —x? then its time 
period is 
(a) x 
(c) 4r 


(b) 2x 
(d) 6x 


In a simple pendulum at mean position 

(a) K.E. is maximum and P.E. is minimum 
(b) K.E. is minimum and P.E. is maximum 
(c) both P.E. and K.E. are maximum 

(d) both P.E. and K.E. are minimum 


Maximum velocity in SHM is Vp . The average velocity 


during the motion from one extreme point to the other 
extreme point will be 


2 
(a) Zv, (b) £v, 
2 m 
4 
(c) —v, (d) =p, 
m 4 


When a particle oscillates simple harmonically, 
its kinetic energy varies periodically. If frequency 
of the particle is n, the frequency of the kinetic 
energy is 
(a) n/2 
(c) 2n 


(b) n 
(d) 4n 


A mass M suspended from a spring of negligible mass. 
The spring is pulled a little and then released, so that 
the mass executes SHM of time period T. If the mass 


8.24 


11. 


12. 


13. 


is increased by m, the time period becomes 5T /3. The 14. 


ratio of m/M is 


5 3 
= b) 2 
(a) 3 (b) g 
16 25 
2 dy == 
(c) 3 (d) 9 


What will be the displacement of a particle in SHM 
when its velocity is half the maximum velocity: 


(A = amplitude) 15. 
3 
—A b 2A 

(a) a (b) V2 

(c) 34 @ M34 
4 2 


Two blocks of mass m, and m, are kept on a smooth 
horizontal table as shown in the figure. Block of 
mass m but not m, is fastened to the spring. If now 
both the blocks are pushed to the left so that the 
spring is compressed a distance d. The amplitude 
of oscillation of block of mass m, after the system 
is released is 


QQVQIYIQVIQ 


17. 
(a) g |—™ b) d | iP 
m, +m, m, +m, 
(c) d 2M, (d) d | 2m; 
m, + m, mi + m, 


Displacement-time graph of a particle executing SHM 
is shown. The corresponding force-time graph of the 
particle is 


yY 
= 18. 
cP) 
= 
iP) 
S 
A x 
time —> 
y 
yY 
1 t 
3 5 19. 
oa 
(a) + (b) i 
tir —> ti i 
1m e ——> 
y y 
(c) x (d) = x 


time —> 


time —> 


16. 
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A particle starts executing S.H.M. of amplitude a and 


3E 
total energy E. At the instant its kinetic energy is Pa 


its displacement y is given by 


a a 

(a) y= => 
3 

(c) 2E (d) y=a 


The periodic time of a mass suspended by a spring 
(force constant k) is T. If the spring is cut in three equal 
pieces, the force constant of each part and the periodic 
time if the same mass is suspended from one piece are 
(a) k, TI N3 (b) 3k, T 


(c) 3k, 3T (d) 3k, T/V¥3 


x =A sin ot, represents the equation of a SHM. If 
displacements of the particle are x, and x, and velocities 
are v, and v, respectively then amplitude of SHM is 


< Eo] (b) eae] 


v Z-V 
VX, V, X, VX 2 
N -v7 a | vv | 


On smooth inclined plane, a body of mass m is attached 
between two massless springs. The other ends of the 
springs are fixed to firm supports. If each spring has 
force constant k, the period of oscillation of the body 


iS 
b) 2x, a 


(a) 27, = 
2k k 
(c) 2a [mg sin @ (d) 2x [2mg sin @ 
2k k 


A person measures the time period of a simple 
pendulum inside a stationary lift and finds it to be 
T. If the lift starts accelerating upwards with an 
acceleration of g/3, the time period of the pendulum 
will be 


(a) /3T (b) E 
(c) T/V3 (d) 7/3 


The displacement x (in centimeters) of an 
oscillating particle varies with time ¢ (in seconds) as 


x = 2cos (0.5 + z) . The magnitude of the maximum 


acceleration of the particle in cms” is 


T 

(a) 5 (b) z 
m m 

9 > (d) 4 
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20. 


2i; 


22, 


23. 


24. 


25. 


26. 


A particle is executing simple harmonic motion with 
an amplitude of 4 cm. At the mean position velocity 
of the particle is 10 cm/s. The distance of the particle 
from the mean position when its speed becomes 
5 cm/sec is 


(a) RE cm (b) J5 cm 
(c) 2/3 cm (d) 24/5 cm 


A source x of unknown frequency produces 8 beats 
with a source of 250 Hz and 12 beats with a source of 
270 Hz. The frequency of source x is 

(a) 258 Hz (b) 242 Hz 

(c) 262 Hz (d) 282 Hz 


A sonometer wire of density d and radius r is held 
between two bridges at a distance L apart. The wire 
has a tension T. The fundamental frequency of the wire 
will be 


(a) T 7 r |ad 

3d f= oT Vad o) f= ENT 

©) f= =A @ f= > 

C =æ a = = 

2Lr \ aT 2LNT 

The amplitude of a wave disturbance propagating 
i 

in the positive y-direction is given by y = ae 
x 

1 
t=Qandy= [14 (x—1)] at t= 2 second, where x and 


y are in m. If the shape of the wave disturbance does 
not change during the propagation, what is the velocity 
of the wave? 
(a) 1 m/s 

(c) 0.5 m/s 


(b) 1.5 m/s 
(d) 2 m/s 


Two sinusoidal plane waves of the same frequency 
having intensities J, and 4/, are traveling in the 
same direction. The resultant intensity at a point at 
which waves meet with a phase difference of zero 
radian is 
(a) f, 
(c) 95 


(b) 51 
(d) 31, 


An open pipe is suddenly closed with the result that the 
second overtone of the closed pipe is found be higher 
in frequency by 100 Hz than the first overtone of the 
original pipe. The fundamental frequency of open pipe 
will be 

(a) 100 Hz 
(c) 150 Hz 


(b) 300 Hz 
(d) 200 Hz 


A fast train moving at 40 m/s passes by a stationary 
observer, emitting a whistle of frequency 300 Hz. If the 
velocity of sound waves is 340 m/s, then the change 
in the apparent frequency of the sound, just before 
and just after the train passes by the observer, will 
be nearly 

(a) 32 Hz 
(c) 72 Hz 


(b) 40 Hz 
(d) 8 Hz 


27. 


28. 


29, 


30. 


31. 


32. 
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Which of the following represents a standing wave 
(a) y=A sin (æt — kx) 

(b) y=A sin kx sin (wt — 0) 

(c) y=Ae-™ sin (wt — kx + a) 

(d) y= (ax + b) sin (wt — kx) 


A man on the platform is watching two trains, one 
leaving and the other entering the station with equal 
speed of 4 m/s. If they sound their whistles each of 
natural frequency 240 Hz, the number of beats heard 
by the man (velocity of sound in air = 320 m/s) will be 
(a) 6 (b) 3 

(c) 0 (d) 12 


The two waves having intensities in the ratio 1 : 9 
produce interference. The ratio of the maximum to the 
minimum intensities is equal to 

(a) 10:8 (b) 9:1 

(c) 4:1 (d) 2:1 


A train moves towards a stationary observer with speed 
34 m/s. The train sounds a whistle and its frequency 
registered is f,. If the train’s speed is reduced to 17 m/s, 
the frequency registered is f,. If the speed of sound is 


340 m/s then the ratio fi is 


2 


18 1 

oe bì) = 

(a) a (b) : 
19 

2 d) — 

(c) (d) T 


A uniform cord has a mass of 0.3 kg and length of 6 
m. (see figure). The speed of a pulse on this cord is 
(g =10 m/s?) 


(a) 20 m/s 
(c) 40 m/s 


(b) 10 m/s 
(d) Sm/s 


A closed organ pipe of length L is placed in a container 
having gas of density p, and an open organ pipe is 
placed in another container having gas of density 
p,, both the gases are of same compressibility. If the 
frequency of first overtone for both the pipes is same, 
the length of open organ pipe is 


(a) L (by 4 2 
3 VA 

(c) L |Z (d) AL {Po 
P> 3 VP, 
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33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


The frequency of sound emitted from a source in water 
is 600 Hz. If speed of sound in water is 1500 m/s and 
in air is 300 m/s, then the frequency of sound heard 
above the surface of water is 

(a) 300 Hz (b) 750 Hz 

(c) 600 Hz (d) 1200 Hz 


An organ pipe open at both ends and another organ pipe 
closed at one end will resonate with each other if their 
lengths are in the ratio of 
(a) 1:1 
(c) 2:1 


(b) 1:4 
(d) none of these 


If n,,n, and n, are the fundamental frequencies of three 
segments into which a string is divided, then the original 
fundamental frequency n of the string is given by 

(a) n=n +n, +n, 


1 1 1 1 
(b) —=—+—+— 
n, n, n, 


(d) vn =n, +n, + Jn, 


A longitudinal wave sent by a ship to the bottom of the 
sea returns after a lapse of 2.64 s. Elasticity of water 
is 220 kg/mm? and density of sea water is 1.1 gm/cc. 
The depth of the sea is (in metres) 

(a) 1400 (b) 1848 

(c) 924 (d) 700 


When the speed of sound in air is 330 m/s, the shortest 
air column, closed at one end that will respond to a 
tuning fork with a frequency of 440 vibs/sec has a 
length of (approximately). 
(a) 19cm 
(c) 38cm 


(b) 33 cm 
(d) 67 cm 


The speed of a longitudinal wave in a gas is given by 
(a) v=4/ pld (b) v= (1/y)y pld 
(c) v=yypld (d) v=; plyd 


For a wave displacement amplitude is 108 m, density 
of air 1.3 kg m”, velocity in air 340 ms“ and frequency 
is 2000 Hz. The intensity of wave is 

(a) 5.3 x 10* Wm” (b) 5.3 x 10° Wm 

(c) 3.5 x 10° Wm” (d) 3.5 x 10° Wm” 


Two pendulums oscillate with a constant phase 
difference of 90°, and same amplitude. The maximum 
velocity of one is v. The maximum velocity of other 


will be 
(a) /2v (b) v2 
(c) v (d) 2v 


A particle is placed on a plank undergoing SHM 
of frequency 3/z Hz. The maximum amplitude of 


42. 


43. 


44. 


45. 


46. 


47. 


48. 
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the plank so that the particle does not leave the 


plank will be 
(a) 5 m (b) 2 m 
18 8 
2 
(c) Pi (d) none of these 


Identical springs of spring constant K are connected in 
series and parallel combinations. A mass m is suspended 
from them. The ratio of their frequencies of vertical 
oscillations will be 
(a) 1:4 
(c) 4:1 


(b) 1:2 
(d) 2:1 


A simple pendulum is carried at a depth of 1 km below 
sea level. It becomes 
(a) slow. 

(c) fast. 


(b) unchanged. 
(d) none of these. 


A simple pendulum is hanging from the ceiling of 
a train. If the train gets accelerated with a uniform 
acceleraion a, then its direction from the vertical wall 
be 

(a) tan`! (atg) 
(c) cot! (a/g) 


(b) sin! (alg) 
(d) cos! (alg) 


The equation of simple harmonic motion of a particle 


d’x dx 


is oP + 0.2 Pr + 36 x = Q. Its time period is 
approximately 

(a) z/6s (b) 7/4 s 

(c) 3s (d) z2 s 


A body of mass M is situated in a potential field U(x) 
= U,(1 — cos dx), where U, and d are constants. The 
time period of small oscillations will be 


2 
(a) 2a,{/MU,d (b) 2% Ud? 
U d’ U 
c) 2a,- — d) 2x : 
(c) (d) Mg? 


The maximum velocity of a harmonic oscillator is d and 
its maximum acceleration is ß. Its time period will be 


(a) z (b) 2ndB 
2nd 2mp 
= d ZA 

(c) 3 (d) F 


A sound wave is travelling in a medium in which the 
velocity is v. It is incident on the second medium in 
which the velocity of the wave is 2v. What should be 
the minimum angle of incidence on the first medium, 
so that the wave fails to cross the surface of separation 
of the two media? 
(a) 60° 

(c) 30° 


(b) 45° 
(d) 15° 
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50. 


51. 


52, 


53. 


54. 


53. 


56. 


A tuning fork produces four beats per second with 49 cm 
and 50 cm lengths of a stretched wire of a sonometer. 
The frequency of the fork is 

(a) 196 Hz (b) 296 Hz 

(c) 396 Hz (d) 693 Hz 


In Kundt’s tube, when waves of frequency 10° Hz are 
produced the distance between five consecutive nodes 
is 82.5 cm. The speed of sound in gas filled in the tube 
will be 

(a) 660 ms! 
(c) 230 ms! 


(b) 330 ms" 
(d) 100 ms"! 


A resonance tube is resonated with tuning fork of 
frequency 256 Hz. If the length of resonating air 
columms are 32 cm and 100 cm, then end correction 
will be 

(a) 1cm 
(c) 4cm 


(b) 2cm 
(d) 6cm 


The ends of two wires of radii r and 2r are mutually 
joined. The compound wire is used in a sonometer. 
The joint is kept at the centre between two bridges and 
tension T is produced into it. If the joint is a node, then 
the ratio of the number of loops produced in two wires 
will be 

(a) 1:4 
(c) 3:1 


(b) 1:5 
(d) 1:2 


A student sees a jet plane flying from east to west. 
When the jet is seen just above his head the sound of 
Jet appears to reach him making angle 60° with the 
horizontal from east. If the velocity of sound is C, then 
that of the jet plane is 


C 
(a) C (b) a 


(c) (d) 2C 


vl So 


A ship sends a longitudinal wave towards the bottom 
of the sea. The wave returns from the bottom of the sea 
after 2.0 s. The bulk modulus of the sea vater is 2.2 x 
10°Nm~ and the density of water is 1.1 g cm”. The 
depth of the sea is about 
(a) 2200 m 

(c) 1400 m 


(b) 2000 m 
(d) 1100m 


The string of a sonometer is divided into two parts 
with the help of wedge. The total length of the 
string is 1 m and the two parts differ in length by 
2 mm. When sounded together, they produce two 
beats. The frequencies of the notes emitted by the 
two parts are 

(a) 499 and 497 
(c) 501 and 499 


(b) 501 and 503 
(d) none of these 


Two identical organ pipes are producing fundamental 
notes of frequency 200 Hz at 15°C. If the temperature 


57. 


58. 


59. 


60. 


61. 


62. 


63. 
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of one pipe is raised to 27°C, the number of beats 
produced will be 
(a) 8 
(c) 4 


(b) 6 
(d) 2 


The tension in a wire is decreased by 19%. The 
percentage decrease in frequency will be 

(a) 10% (b) 19% 

(c) 0.19% (d) none of these 


Power of 10 W is emitted by a loudspeaker. The sound 
intensity radiated by it at a distance of 3 m is 2 W/m7. 
If the intensity of loudspeaker is doubled the intensity 
at 6 m will be 
(a) 1 W/m? 

(c) 0.5 W/m? 


(b) 4 W/m? 
(d) 2 W/m? 


A car is moving towards a person. The person observes 
a change of 2.5% in the frequency of its horn. If 
the velocity of sound is 320 ms™' then the velocity 
of car is 

(a) 6ms! 
(c) 7.5 ms” 


(b) 8 ms“! 
(d) 800 ms"! 


When a sound wave of frequency 300 Hz passes through 
a medium, the maximum displacement of a particle of 
the medium is 0.1 cm. The maximum velocity of the 
particle is equal to 
(a) 30 cms"! 
(c) 60 cms! 


(b) 30z cms"! 
(d) 60r cms"! 


If a tuning fork sends a wave 5 sin (60001-2 x| 


then the amplitude of the intensity heard is 


20 c 


4—60 cm ————_91 


(b) 5v2 


(d) none of these 


(a) 5 


(c) 54/3 


The velocity of sound in a gas is 300 ms". The root 
mean square velocity of the molecules is of the 
order of 

(a) 4ms! 
(c) 400 ms! 


(b) 40 ms! 
(d) 4000 ms! 


A man standing unsymmetrically between two parallel 
cliffs, claps his hands and starts hearing a series of 
echoes at intervals of 1 s. If the speed of sound in 
air is 340 ms”, then the distance between the two 
parallel cliffs, is 


8.28 
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69. 
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(a) 170m 
(c) 510m 


(b) 340m 
(d) 680m 


A tuning fork is vibrating in the 3rd harmonic. Number 
of antinodes produced in it are 

(a) 3 (b) 5 

(c) 7 (d) 6 


P = (10° + 14pa) sin (600 zt — zx) is a pressure wave 
of amplitude 10 cm. The bulk modulus is 


6 2 
a ia (b) 10 pa 
T T 
(c) 140 pa (a) 14 pa 
T T 


If wave length changes by AA then change in 
propagation vector is 


(a) Ak (b) 27A4 


20 20 
c) — AA d) — AA 
© 5 o5 
On the diatonic scale the frequency of the note Re is 
81. The frequency of Ga will be 
(a) 93 (b) 90 
(c) 87 (d) 84 


For the particle executing SHM the displacement 
x is given by x = A cos ot. Identify which represents 
variation of potential energy as a function of time ¢ and 
displacement x 


PE 
I I] 
PE 
III 
IV 
O 
(a) LII (b) ILIV 
(c) IL, I (d) LIV 
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The earing of a lady is 5 cm long. She sits in a merry- 
go-round moving at 4 ms” in a circle of radius 2 m. 
The time period of oscillations is nearly 

(a) 0.68 (b) 0.4 s 

(c) 0.8 s (d) none of these 


A rod of length / and mass m is hanged from one edge. 
The time period of small oscillations is 


71. 


Tor 


73. 


74. 
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(b) 27 E 
8 


(d) none of these 


l 
(a) 2m |— 
38 
21 
(c) 2m |— 
3g 
Two particles are moving in uniform circular motion 
in opposite direction with same angular velocity. 


Radius of the circle is R. Their resultant motion is 
equivalent to 


y = Rsinat+ Rsinat 


ot 


X = ROS Gil jade rrr >| Rcosøt = x, 


(a) angular SHM of angular frequency 2æ. 
(b) linear SHM of angular frequency 2a. 
(c) linear SHM of amplitude 2R. 

(d) angular SHM of amplitude 2 radian. 


An aluminium wire of length 60 cm 1s joined to a 
steel wire of length 80 cm and stretched between 
two fixed supports. The tension produced is 40 N. 
Cross-sectional area is 1 mm? (steel) and 3 mm? 
(aluminium). Minimum frequency of the tuning fork 
which can produce standing waves with the joint as a 
node is 


j— 80 cm————_ 1 60 — 
Steel Al 

(density of Al = 2.6 g cc! and density of steel = 
7.8 g cc) 


(a) 90 Hz 
(c) 180 Hz 


(b) 145 Hz 
(d) 250 Hz 


A 200 Hz wave with amplitude 1 mm travels on a long 
string of linear mass density 6 gm kept under a tension 
of 60 N. The average power transmitted across a given 
point in the string is 
(a) 0.53 W 
(c) 0.47 W 


(b) 0.83 W 
(d) 0.89 W 


The ends of a stretched string of length L are fixed at x 
= 0 amd x = L. In one experiment, the displacement of 


nnd . HX 
the wire is y, =A sin FA cos wt and energy E, and in 


another experiment, its displacement is y, = A sin = 
sin 2æt and energy E, then 
(a) E,=E, 

(c) E, =4E, 


(b) E, =2E, 
(d) E,= 16E, 
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A sonometer wire resonates. With a given tuning fork 
forms a standing wave with 5 antinodes between two 
bridges when a 9 kg weight is suspended from the 
wire. When the mass is replaced by a mass M, the 
wire resonates with the same tuning fork forming 


Answers to Practice Exercise 1 


(a) 2. (d) 3. (d) 4. 
(b) 9. (c) 10. (c) 11. 
(d) 16. (b) 17. (a) 18. 
(a) 23. (c) 24. (c) 25. 
(c) 30. (d) oi: (a) 32. 
(b) 37. (a) 38. (c) 39. 
(a) 44. (a) 45. (c) 46. 
(b) 51. (b) 52. (d) 53. 
(a) 58. (a) 59. (b) 60. 
(c) 65. (c) 66. (d) 67. 
(c) 72. (c) 73. (c) 74. 
EXPLANATIONS 


A T 
(a) y= cos ot, = Acos@t > t= — 


kk 

d E 

0) Ka k +k, 
(d) 


(a) Period of the mass attached to the spring is given 


T =22 ,/— 2= 27m 4 . (1) 
k 
In the second case, 3=27 wa 2 (11) 
M 4 M 
Dividing (1) by (11 . = 
g (i) by GD, = M +2 9 M +2 


9M=4M+8;5M=8;M=1.6kg 


1 
(a) K.E. at mean position = z"o A 


2 
P.E. at Alno? A <. Ratio=4: 1 
2 2 
(c) 44% =25-x 
Differentiating a( av) =—2 & 
dt dt 
p _1 and 2n _ 2n 
4 o 1/2 


(a) 


10. 


11. 


12. 
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3 antinodes for the same position of wedges. The value 
of M is 


(a) 2.25 kg (b) 5kg 
1 
(c) 12.5 kg (d) 35 kg 
5 (a) 6 (c) 7. (a) 
12. (a) 13. (b) 14. (b) 
19. (c) 20. (c) 21. (a) 
26. (c) 27. (b) 28. (a) 
33. (c) 34. (c) 35. (b) 
40. (c) 41. (a) 42. (b) 
47. (c) 48. (c) 49. (c) 
54. (c) 55. (c) 56. (c) 
61. (a) 62. (c) 63. (c) 
68. (a) 69 (b) 70. (c) 
75. (a) 
(b) ral and 
@ 
2A _4A _ 4Av, 2 
AO =v Vv = —y 
"a TI) T 2A ð” 


(c) K= n (4? -y°)= ee ee ol 
2 Z 


= ma A (1+ cos 2at) = Al +cosa't) 

i.e., @'= 20 
(c) m=M, T,=T, m, =M +m, r=, 

T _ 20 im, 1k im, 1k _[ M_ 

T, on. Qaim, Ik M+m 

m _16 

M 9 
(d) 

Pa k 
(a) Velocity at equilibrium position, y= d 
m +m, 


1 


— kA? = 1 ETA 2 
2 


TILLIT 
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13. (b) F a (-x) 


14. (b) Total energy E = m(@a) 


ae 1 
Kinetic energy “5 mo’ ya’ = y > 


l 
Potential energy = 5 mo’ y’ 


aT a ee 2 
Since its kinetic energy = a E, 


E 
the potential energy = z 
l 2.2 2 
= = = = = 
l 55 4 4°" 9 
-mo'a 


15. (d) 
16. (b)x= A sin æt 
v=Aacosat= OVA’ -x 


ve =0° (A? -x) v =a" (A? — x7) 


Solving A= 


17. (a) Time period of SHM will be T = 2 a 
eq 


18. (b) T= an | 
§ 


When the lift accelerates upwards with an acceleration 


of g/3, 


; ' & g 
The effective acceleration is 8 =g8+~=4— 


3 3 


l 
Therefore, the new time period is T'= 27, |— 


r-r 
2 


19. (c) Given x= 200s{ 0.5m +Z) 


Velocity y = aai -2 x 0.57 sin (0.sar + z) 
dt 3 


Acceleration 
a= cid =—2 x 0.5m x0.57 cos{ 0.51 + z) 
dt 3 


Maximum acceleration, 
2 


a. = —2x0.5” x0.57 = -Z cms? 


max 


20. 


21. 


22. 


23. 


24. 


26. 
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29. 
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(c) y= Asin(at+@), v=v,,, cos(at+@) 


=> 5=10cos(at+9), ot+0=~=60° 
3 


y= Axsin (00 +0) = 4x22 = 243cm 


(a) 
v 1 T 
@ I~ oF aera 
oant =, 
Sa re orx= 
ep aceon ee aE 
t t= 2 secon Y5 l+ (x-1)? orx=1+ i 
1+ Iy 1-y ' 
xX, — X, y y 
= = =—=0.5 m/ 
"AN 2—0 p S PUS 


(c) I= +L 2 (VLT, )cosg 
=1,+41,+2 JU,)(41,) cos = 51, +41 cosġ 
As, ọ = 0, so cosġ = 1 
I= 51 +4= 9 
(d) 
(c) 
(b) 


(a) Apparent frequency of the approaching train is 


_ 240)( 320 | _ (22 x 320) 


320 — 4 316 


Apparent frequency of the leaving train is 


n,= (240) 320 _ (= = 
320 + 4 324 


Hence the number of beats heard by the man per second 


(n, — n) = 240x 320 Æ = oa 
316 324 


_ 240 x 320 x 8 © 
= 316x324 


I 
(c) a the Vi 


(d) Let f, be natural frequency of source, then 


_¢[_” ]ea,|_¥ | 4219 
feh | ah Fea f, 18 
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31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


0.3 


(a) F=mg=20N, oS kg/m, 
v= a a), / 
a \oos 
(b) A igen 4 IeVo -ír Pi 
2l Al. 3 V 3 Vp, 


(c) Frequency is independent of medium 


á id L, en 2 
(c) ~ ? L pen = L tosed d = =e 
Lopen AL cosa Lissa 1 
1 1 1 1 1 
(b) L= L +L, +L, and na—,—=—+—+— 
Ln n n, n, 


(b) The velocity of sound in seawater is v = G 


v= fe = = 196 x 10* m/s 


= 14 x 10? m/s. 
The depth of the well is therefore 


2.64 
= a x 14 x 10? m = 1848 m 


220 x 10°x 9.8 
1.1 x 44x10 


V 
gas 440 = —, 
(a) Frequency n Al = Al 


where / is in metres 


SS ie 00 air: 
16 16 


> | 
(c) 
(d) Using J = = plac , we get 


I= ix 1.3 x (10°) (27 2000} (340) 


=3.5x10 Wm” 
TAL 86400 
(c) AT = 
A ~ 2x100 


2a $$ $<, 
(a) xœ" = g or x, = = — 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


8.31 


(a) Total energy = Resting energy + KE + PE 
=10J+5J+5J 


= 201. 
(c) w? = 36 0r@ =6 


or — =6 


T 
or T= —. 
3 


(b) U = U, (1 — cos dx) 


dx 

=— Ud sin dx 
U,d? 

— x 


or a= 


S 


U,d? 


or T= =- 


sin; velocity in medium 2 v 


(c) ——= 


velocity in medium 1 2y 


sini 1 
Sng 2 or i = 30°. 


0 = 8 or v= 4 x 98 m/s f, = 400 Hz, 


(c) 98 = a 
J, = 392 Hz 


Using fork which produces 4 beats with these wires 
has frequency 396 Hz. 
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50. (b) JA 2995 ci I- ; 
2 58. (a) —3_=- 
A = 33 cm and v = fA = 330 ms“. , 29 x 
67 
A 
51. (b) ri = 32 + 0.3d or x= 1Wm.0000 
Af V 
3A — =. = aa — -l 
7 =100+0.3d 59. (b) F y ory 320 x 759 8 ms”. 
A A 
z  °Scm 60. (d) 5 =0.1 cm, v fa = 60 z ems”! 
A = 
— = 34 cm or 0.3d = 2 cm. 61. (a) Ax=0.4m, 
4 2m 
ġ=kAx= 7 = (5° +5°+2x5cos(27z/3) 
dy 
52. (d) q| =Azafand wave velocity = fA; =). 
Ar 62. (ov =v, 2 
Anf= AfA or À = = rms soun y 
4 
c fe 3 
53. (b) v =c cos 60°= 5 63. (c)x= 5 = 340 x 5 = 510m. 
64. (c) Number of antinodes = (2n + 1) =2 (3+ 1) =7. 
X Byyo 140 
65. (oP, = n or B =. T 
2 —2 
c 66. (d) k= = differentiating dk = ae dì 


9 
67. OET = 81 or f= 90 Hz. 


68. (a)x =A cos æt 


2.2x10° 
54. (c)v= a = git] 8 V2 ms"! PE = Spee e cos? at 
1.1x10 2 2 


10° B%2 that is, at t = 0 potential energy is maximum and 
= K E 2 = 1400 m. potnetial energy a x? So choice is I and III. 
55. (e) — -2 =2or.2v=2 x 50x 49.9 oe 
49.9 5.1 
or v=50.1 x 499 
50.1x 499 
f= 697 = 499 Hzf,=501 Hz 
AV 
56. (c) Af= pJ Af= 0.6 x 12 = 7.2 ms" 
340 
= 70. (c) T= 2z |— 
= 500 = = 1.7 .. Af=4 (mearly.) (c) mgl 


57. (a)fe V2 f. = v0.81T =0.9 VT , that is, 


new 


or decrease of 10%. 
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71. 


(c) Resolving x, = R cos wt; x, = -R cos œt 
y, = sin wf; y, = R sin ot. 
x=x,+x,=0 


y=y,t+y,=2Rsin ot 


5 on Le 
| OS= Na = aap 


l. 


since frequency will remain same 


Eaa ` g a Naa 


or 


7 10 °x2.6x10°x3 


PRACTICE EXERCISE 2 
(SOLVED) 


The circular motion of a particle with constant 
speed is 

(a) periodic but not SHM. 

(b) SHM but not periodic. 

(c) periodic and SHM. 

(d) neither periodic nor SHM. 


Solution (a) 


T 
2. Two SHMs are represented by y, =0.1 sin (100 zt + 3) 


and y, = 0.1 cos z t. The phase difference of the velocity 
of particle 1 with respect to the particle 2 is 


(a) s (b) 
=o +7 
(c) “37 (d) | 
Solution (a) ¢= 2 - 5 ze 
3 6 


>; 


Solution (2) ~ 


. m 
cos m t= sin (Zea), 


Which of the following functions represent a simple 
harmonic motion? 

(a) sin æt -— cos wt 

(b) sin? wt 

(c) sin œt + sin? wt 

(d) sin æt -— sin? wt 


2 


d` y 
at’ 


73. 


74. 


T3; 


8.33 
1 faoxio | e 
— 0.41 2.6x3 
= 180 Hz. 
(c) P erage = 27u Yo f?v 
T 60 
v= €- Al. 3 = 100 ms“! 
u V6x10 
= 2 x 26 x 10°) (10%) (2 x 10)? x 100 = 0.47 W. 


= A in each case but 


2f, therefore, E, = 4E.. 


(c)sin E & 


HLS 


vaag 


y? f2 and y, 


A small body attached to one end of a vertically hanging 
spring is performing SHM about its mean position with 
angular frequency œ and amplitude a. If at height y 
from the mean position the body gets detatched from 
the spring. Calculate the value of y so that height 
obtained by the mass is maximum. The body does not 
interact with the spring during its subsequent motion 
after detachment. 


Solution The point B should be such that PE = 0 at 


5. 


B so that KE is maximum and ıt can rise to a maximum 
height. 


y= 7s = 2 < a (amplitude) 
k o 


From the displacement time graph of an oscillating 
particle. Find the maximum velocity of the 
particle. 


(a) 2 ms”! (b) z ms”! 
(c) 2r ms”! (d) z ms" 


Solution (c) va =X, = 0.2 az) = 27 ms”! 


6. A machine part is undergoing SHM with a frequency 
of 5 Hz and amplitude 1.8 cm. How long does it take 
the part to go from x = 0 to x = -1.8 cm? 


1 1 
(a) gs (b) J5 $ 

1 1 
(c) 10 S (d) 30 S 


T 1 1 
pa a = = 5 
Solution (a) '= 7554770 ° 
7. A 42.5 kg chair is attached to a spring. It takes 1.3 sto 
make one complete oscillation when the chair is empty. 
When a lady is sitting on the chair with her feet off the 
floor, the chair now takes 1.84 s for one cycle. The mass 


of the lady is 
(a) 35.5 kg (b) 40.5 kg 
(c) 42.5 kg (d) 45kg 


Solution (b) T=2r ie 


2 
o (2) MM, 
M 


1.84)" _ i 
=> (=) = (1.40) 


M 
=19%=1+—™. 
42.5 


M,a = 42.5 x 0.96 = 40.5 kg 


8. Find the velocity when KE = PE of the body undergoing 
SHM. Amplitude = x, and angular frequency is œ. How 
many times in a cycle KE = PE. 


OX, 

(a) 2° 2 (b) œ xy 2 
OX, 

(c) V2 - 4 (d) wx,,4 
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Solution (c) > mœ’ (x? -x)= 5 m o? x? 


This will be achieved 4 times in a cycle. 


9. Inthe Vander Waals interaction 


v-v (2) -(3)] 


A small displacement x is given from equilibrium 
position r = R, Find the approximate PE function. 


(a) mae by 2 y_y 
(c) 26U, gU (d) none of these 


R, 12 R, 6 
Solution (a) U= U, ES A] 


12 6 


of ee) 


10. A hydrogen atom has mass 1.68 x 107” kg. When 
attached to a certain massive molecule it oscillates 
with a frequency 10'* Hz and with an amplitude 
10° cm. Find the force acting on the hydrogen 
atom. 

(a) 2.21x10°N 
(c) 4.42 x 10° N 


(b) 3.31 x 10° N 
(d) 6.63 x 10° N 


k 
Solution (d) o= — or 4r’ f’ m=k 
or F= kx, 5 4r f? mx, 
or F=4xzr? x 10x 1.68 x 107 x 10" 
= 6.63 x 10°N. 
11. An unhappy mouse of mass m,, moving on the end of a 
spring of spring constant p is acted upon by a damping 


force F = —b D. For what value of b the motion is 
critically damped. 


| Oscillationsand Waves 
(b) b= 24pm, 


_ |P B p 

E 2m, oe 2m, 
Solution (b) 2a 
om m 


0 0 


or b= 2/pm,. 
-bt 


12. Using equation x =A e?" teos (w' t+ ġ) and assuming 
ġ = 0 at t = 0, find the expression for acceleration at 


t=(0 

(a) A £- b’ (b) A És a 
m - m 4m 

(c) A bf -*] (d) A Pa 
4m? 2m 


dt b a em cos (o't\-A o 
Solution (c) aoe cos (a't)-A € 


@' sin (@' ñ). 


2 -Ab| -b = — 
eo —_ tt te cos(o't)e™osin( ot) 
di m | 2m 

br -br 
4 7 oe sin (a’t+¢) =A o'e?" Cos 
m 
d*x 
o't + 
( $) dt? a 
2 b ' k 
=-Ag@g’ +A b =A At 
4m? 4m m 


13. A glider is oscillating in SHM on an air track with an 
amplitude A. You slowit so that its amplitude becomes 
half. Find the total mechanical energy in terms of 


previous value. 
o M% 


(a) y 
© Veg ®© Va 
1 


Solution (d) initial total energy = zr w? A? ; 


1 2 
final total energy = 5m w? (44) . 
Total mechanical energy becomes !⁄ th. 


14. A block of mass M is connected to one end of a spring 
of spring constant k. The other end is connected to the 
wall. Another block of mass m is placed on M. The 
coefficient of static friction is u. Find the maximum 
amplitude of oscillation so that block of mass m does 
not slip on the lower block. 


8.35 
k a” 
(a) e8 o “Me 
k k 
H(M +m)g uMg 
an ig and. 


Solution (c) u (M+ m) g=kx, 


ae ee A 
0 k i 

15. A hanging wire is 185 cm long having a bob of 1.25 kg. 
It shows a time period of 1.42 s on a Planet Newtonia. 
If the circumference of Newtonia is 51400 km, find the 
mass of the planet: 
(a) 3.5 x 10” kg 
(c) 2.6 x 10” kg 


(b) 9.08 x 10% kg 
(d) 3.14 x 10% ke 


2 
Solution (a) 7 = 27r E or g = = and 


8g 
GM 4r’'l 
Po p 
4mr’°IR? 
or M= 7 
GT 


_ 4x10x1.85x (8185)* x10° 
6.67 x10"' x (1.42)? 


= 3.5 x 10” kg 


16. A uniform rod of length / mass m 1s fixed at the centre. 
A spring of spring constant k is connected to rod and 
wall as shown in this Figure. The rod is displaced 
by small angle @ and released. Find time period of 
oscillation. 


8.36 


Solution (d) t= 1a =- (kx) - 


i 
or li a=- (rto). 


12 2 2 
3k 
or g=- — 
m 
3k 
or w= ,/— 
m 


or T= 2x} 
3k 


17. A uniform rod of length L oscillates through small 
angles about a point x from its centre for what value 
of L its angular frequency will be maximum. 


(a) i (b) a 
12 3 


L L 
(c) k (d) ET 


Solution (d) œ will be maximum if T is minimum. T is 
minimum if x = k the radius of gyration 


or - 
x= =. 
Viz 


18. Two solid cylinders connected with a short light rod 
about common axis have radius R and total mass M 
rest on a horizontal table top connected to a spring 
of spring constant k as shown. The cylinders are 
pulled to the left by x and released. There is sufficient 
friction for the cylinders to roll. Find time period of 
oscillation. 


M 
b) 2 kd 
(b) 27 Azk 
3M (d) 2z |M 
>k \ 3k 
MR 


Solution (c) z= Es me a =—kx. R 


2kx 


= R = — 
or a a 3M 
oe ne | 2k 
= N3M 
or T=22 3M 
\ 2k 
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19. A particle moves according to the equation x = a sin? 


m 
(ot — 4? Find the amplitude and frequency of 
oscillations. 
(a) a, œ b) ow 
2 

a © a 
(c) —,— (d) —,2@ 

2 2 2 


Solution (d) x =a sin? (wt- T) 
a m 
= 5 [1 —cos 2 (wt — 4 )] 


20. The superposition of two SHMs of the same direction 
results in the oscillation of a point according to the law 
x = x, cos (2.1 t) cos 50 t. Find the angular frequencies 
of the constituent oscillations and period with which 
they beat. 
(a) 52.1 s1; 47.9 s, 0.2 s 
(b) 50 s= 2.1.57, 0.22 s 
(c) 52.1 s!, 47.9 s, 1.5 s 
(d) none 


Solution (c)x, cos (2.1 £) cos 50 ¢ 


Xo 
[cos 52.1 t + cos 47.9 t]. 


2 
= oe 
f= 20 
20 2x 
or T= = = 1,58 


@,-@, 4.2 


21. A point moves in the plane xy according to the law 
x =a sin wt, y = b cos ot. The particle has a 
trajectory ___. 
(a) hyperbolic 
(c) circular 


(b) elliptic 
(d) straight line 


Solution (b) E = sin wt 


y 
T =cos ot 


p OOS OE ssa 
square & add (1) and (2) 


y 


a e 1 which shows ellipse. 
22. The displacement wave in a string is y= (3 cm) sin 6.28 
(0.5x — 50t) where x is in centimetres and ¢ in seconds. 
The wavelength and velocity of the wave is 
(a) 2cm, 100 cms"! (b) 10 cm, 50 cm! 
(c) 20 cm, 2 ms”! (d) 2m, 100 ms" 


2 
Solution (a) k= = 


7) 
2m 6.28 
or A= E  6.28(05) 77 ™ 
v= 2 100 cms"! 
k 0.5x6.28 
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23. The equation of a wave is 10 sin(6.28x — 3142) where 
x is in centimetres and ¢ is in seconds. The maximum 
velocity of the particle is 
(a) 62.8 cm s7! 

(c) 50 cms”! 


(b) 3140 ms" 
(d) 31.4 m s7! 


Solution (d) y, = @y, = 314 (10) cm/s or 31.4 mst 


24. The speed of a transverse wave travelling on a wire 
having a length 50 cm and mass 50 g is 80 ms-~!. The area 
of cross-section of the wire is 1 mm? and its Young’s 
modulus is 16 x 10'' Nm”. Find the extension of the 
wire over natural length. 
(a) 2cm 
(c) 0.2 mm 


T 
Solution (d) v= E 


5 
or T= vu = (807 [x10 ; =64N 


(b) 2mm 
(d) 0.02 mm 


FI 
and Y= —— 
A Al 
or Al= Ft 64x 0.9 = 2 x 10m. 


AY 10 °x16x10" 


25. Which of the following wave is progressing in the y 
direction? 
(a) x=x,Ccos(wt — ky) 
(c) y= y cos kx sin at 
Solution (a) The wave x = x,cos(at — ky) travels along y 
direction. 


(b) y=y,cos(wt — ky) 
(d) y= ysin kx cos wt 


26. Velocity of sound in air is 332 m/s. Its velocity in 


vacuum 1s 
(a) >332 ms" (b) 3x 108ms* 
(c) 332 ms" (d) none of these 


Solution (d) None of these as velocity is zero as sound 
waves require medium. 


27. A cork floating in a calm lake is executing SHM of 
frequency f. When a boat passes close to the cork then 
the 
(a) frequency becomes greater than f. 

(b) frequency becomes less than f. 
(c) frequency remains constant. 
(d) none of these. 


Solution (c) Frequency remains constant and velocity will 
vary, that is, wavelength will vary. 


28. Two waves of equal amplitude x, and equal frequency 
travel in the same direction in a medium. The amplitude 
of the resultant wave is 
(a) 0 (b) x, 

(c) 2x, (d) between 0 and 2x, 


Solution (d) use x; =x +26, +2x,X COSO 


— —_ — e Fo 
0 = 0 and x, = Xy = X9; Xy = 2%). 


8.37 | 


29. The fundamental frequency of a string is proportional 
to 
(a) inverse of the length. (b) the diameter. 
(c) tension. (d) density. 


Solution (a) f« 


30. A uniform rope of length 12 m and mass 6 kg 
hangs vertically from a rigid support. A block 
of mass 2 kg is attached to the free end of the 
rope. A transverse pulse of wavelength 0.06 m is 
produced at the lower end of the rope. What is the 
wavelength of the pulse when it reaches the top of 


the rope. 
(a) 0.06m (b) 0.12m 
(c) 0.09 m (d) none of these 


[IIT 1984] 


Solution (d) v= r 


H 
Yæ L ‘a Nera _, 
Vbottom Ta 2g 


top 


pulse 


bottom 


= 2 as frequency does not change 


Í Atop 

F Agsottom 

A. =A. x2=0.12 m. 
op bott 


t 


31. A uniform rope of mass 0.1 kg and length 2.45 
m hangs from a ceiling. The speed of transverse 
waves in the rope at a point 0.5 m from the lower 


end is 
(a) 2.21 ms" (b) 4.21 ms" 
(c) 7.21 ms"! (d) 3.31 ms" 


[Roorkee 1991] 


M 
Solution (a) 7= T (x)g 


ET 


TET = /ox=V98x0.5 = 2.21 m/s 


and v = 


32. The equations of motion of two waves propagating in 
the same direction is given by 


y, =A sin(øt — kx) 
and y, = A sin(wt — kx — 0). 


8.38 


The amplitude of the medium particle will be 


(a) V2 Acos 0 (b) 2A cos 8 
(c) V2 A cos 6/2 (d) 2A cos &/2 
[BHU 2003] 
Solution (d) y, = A’ +A? +2A(cos@) 


=A /2(1+cos@) =2A cos 4/2. 


33. The displacement y of a wave travelling in x direction 
is given by 


y= 10"'sin (s00 —2x+ z) m 


Where x is expressed in metres and ż in seconds. The 
speed of the wavemotion in metre per second is 


(a) 600 (b) 1200 
(c) 200 (d) 300 
Solution (d) v= T5 = = 300 ms“. 


34. A steel wire of linear mass density 9.8 g/m is stretched 
with a tension of 10 kg. It is kept between poles of 
an electromagnet and it vibrates in resonance when 
carrying an arc of frequency n. The frequency n is 
(a) 100 Hz (b) 200 Hz 
(c) 25 Hz (d) 50 Hz 


1 IT 1 /10x9.8 10° 
d) f= — — == | ** = = son. 
Solution (a) / 2IVu 2V98x10*% 2 


35. The equation of a progressive wave is 


t x) xz 
y = 8 sin z (r= )4 the wavelength of the 


10 4) 3 
wave is 
(a) 8m (b) 4m 
(c) 2m (d) 10m 
[CET Maharashtra 2002] 
on 2m 2m 
Solution (a) i =kor A= W7 =3 


36. The equation of a stationary wave is y = sin ZX cos 
3 


10 zt where x and y are in centimetres and ¢ in seconds. 
The separation between two consecutive nodes is 


(a) 1.5 cm (b) 6.0 cm 
(c) 3.0 cm (d) 18 cm 
[DPMT 2002] 
2m 2m 
Solution (c) 4= — =—— =6cm. 

kK zl3 

Separation between two consecutive nodes 

= A/2 = 3 cm. 


37. Ifthe amplitude of velocity of a particle acted by a force 
F = F cos æt along x-axis is given by 


v= ee ee where b? > 4 ac. 


2 1/2 
(aw — bø + c) 
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The frequency of resonance is: 
(a) œ = bla (b) b/2a 
(c) alb (d) a/2b 


Solution (b) For resonance v, > oo (max) 
(aw? — bw + c)'* should be minimum 


or a (aw* — bw +c)=0 
da 

b 

or 2aw—b=Oor@a= — 

2a 


38. An observer on the sea shore observes 54 waves 
reaching the coast per minute. If the wavelength is 
10 m. The velocity is 


(a) 9 ms“! (b) 54 ms”! 
(c) 18 ms” (d) 36 ms”! 
54. 9 
Solution (a) f= 60 NN 


9 
v=frl= ty x10=9ms" 


39. A light pointer fixed to one prong of a tuning fork 
touches a vertical smoked plate. The fork is set 
to vibration and the plate is allowed to fall freely. 
Eight complete waves are counted when the plate 
falls through 10 cm. The frequency of the tuning 


fork is 
(a) 112 Hz (b) 14 Hz 
(c) 28 Hz (d) 56 Hz 


[IIT 1996] 


Solution (d) z=- J Ep EEE 
g 9.8 7 


f number of waves 8 ae 
————— ee Z. 
time 1/7 
40. A progressive wave of frequency 500 Hz is travelling 
with a velocity 360 ms. How far are two points 60° 
out of phase? 


(a) 0.06m (b) 0.12m 
(c) 0.18m (d) 0.24m 
v 360 
b)A= —=— =0.72m 
Solution (b) aa 
p= es 
OÀ 
or Ax= Aga _ z13(0.72) =0.12m 
2n 21 


41. Two blocks each having a mass 3.2 kg are connected by 
a wire CD and the system is suspended from the ceiling 
by another wire AB as shown in figure. The linear mass 
density of AB is 10 gm and that of the CD is 8 gm". 
The speed of the transverse wave pulse produced in AB 
and CD is 
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(a) 80 ms, 40 ms’! 
(b) 80 ms'!, 63 ms’! 


Solution (c) v= E 
u 


(b) 40 ms", 80 ms"! 
(d) none of these 


6.4x10 F 
> Ve" ioxio® 7 oo ms 
3.2x10 

o= yax? OF ms 


42. A transverse wave described by y = 0.02 sin(x + 302) 
propagates on a Stretehed string of linear density 
12 gm". The tension in the string is 


(a) 2.16N (b) 1.08N 
(c) 0.108 N (d) 0.0108 N 
30 
Solution (c) v= -= T = 30 ms“ 


T = vu = (30)? x 12 x 10° = 0.108 N. 


43. A circular loop of the string rotates about its axis 
on a frictionless horizontal plane at a uniform 
rate so that the tangential speed of any particle of 
the string is v. If a small transverse disturbance 
is produced at a point of the loop, the speed 
(relative to the string) at which the disturbance will 


travel is 

(a) v (b) 5 
Vv 

(€) 2v F 


Solution (a) v 


44. Sound signal is sent through a composite tube as shown 
in this Figure. The radius of the semicircle is r. Speed 
of sound in air is v. The source of sound is capable to 
generate frequencies in the range f, to f, (f, >f) If n 
is an integer then frequency for maximum intensity is 
given by 


—» 


8.39 
ay ™ Oy a 
r r(z-2) 
nv -i OOE A 
© = ® Tas 


Solution (b) Path difference zr -2r = nà 


> nv h nv 

or r(z—2)= P thus f= ra) 

45. Two tuning forks when sounded together produce 6 
beats/s. The first fork has the frequency 3% higher 
than a standard one and the second has the frequency 
2% less than the standard fork. The frequencies for the 
forks are 
(a) 126.3, 120.3 Hz 
(c) 136.2, 130.2 Hz 


(b) 162.7, 156.7 Hz 
(d) 123.6, 117.6 Hz 


2 
Solution (d) (r+ 2E hf =| =6 
100 100 
=> 5f= 600 or f= 120 Hz 
f+ 2 Ez, 
100 
a 2B = 120- 212 = 117.6 Ez 
100 


46. The dimensions of an auditorium is 100 x 40 x 10 m°. 
It has 1000 m? curtains of absorption coefficient 0.2 m”? 
2000 m° of carpets of absorption coefficient 0.7 m”. If 
1000 men of absorption coefficient 0.9 per person are 
sitting in the hall, then reverberation time is 


(a) 2.78 (b) 7.2 s 
(c) 3.5s (d) 3.7 s 
0.17V _ 0.17V 


T = —— = 
Solution (a) F a 
0.17(100 x 40x10) 
0.2(1000) + 0.7 (2000) + 0.9(1000) 


_ 0.17x 4000x10 
2500 


=2.725s 


47. A and B are two wave trains shown in the Figure, the 
ratio of intensity of A to B is 


A 2 


i 


8.40 


(a) 1 
(c) 4 


Solution (a) /« x; and J « f? 
In A x = 2x, andf,, Eh 


oB = % and cs = 2h, ie 


(b) 2 
(d) 8 


I 
InBx = 
I; 
48. The fundamental frequency of a closed organ pipe is 
same as the first overtone frequency of the open pipe. 
The length of open pipe is 50 cm. The length of closed 


pipe is 
(a) 25 cm (b) 100 cm 
(c) 200 cm (d) 125 cm 
330 
Solution (d) Aopen = -z = 330 Hz 
f, = 2 x 330 =660 Hz 
330 _ 660 


O(closed) E 4 ] 


or 8/= 1 m, thatis,/= 12.5 cm. 


49. Sound waves from a tuning fork F reach a point P 
by two separate routes FAP and FBP. FBP is 12 cm 
larger than FAP. There is silence at P. If the separation 
becomes 24 cm, the sound becomes maximum at P 
and at 36 cm there 1s again silence and so on. The least 
frequency of tuning fork is 
(a) 1357 Hz 
(c) 1375 Hz 


(b) 1735 Hz 
(d) 1400 Hz 


A 
Solution (c) — = 12 cm or à = 24 cm 


50. A sound source emits sound waves in a uniform 
medium. If energy density is E and maximum speed 
of the particles of the medium is v__, the plot between 
E and v__ is best represented by 


IA 
VLD. 


I 
a -= =n 2of 2x 


(c) 


Solution (c) Energy density = 


Vaa = OX, = 2af 
that is, E œ y? 


max’ 
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51. A sound source rotates anticlock wise with an angular 
velocity œ. Radius of the circle is R. A person is at P. 
The maximum frequency is heard when position of the 
source is at 


y 
X Z 0 
P 
W 
(a) Y (b) X 
(c) Z (d W 


Solution (d) Note from Figure that velocity at W is towards 
the listener. Hence according to Doppler’s effect maximum 
frequency is heard at W. 


Y 


W 


52. The intensity level 1 m away from a source is 60 dB. 
Threshold intensity of hearing is 10-2 Wm”. If there 
is no loss of sound power in air then intensity level at 
2000 cm from the source is 
(a) 45 dB (b) 34 dB 
(c) 35 dB (d) 64 dB 


1 
Solution (b) 7 — and AI =1 - 1, 
r 


I I I 
10 log 4 = 10 log = -10 log + 
2 7 87 2 7 


0 0 2 


and 10 log 2 


2 


= 10 log 400 = 26.02 dB 


intensity level at 2000 cm away is 


60 — 26 = 34 dB 


53. Three tuning forks of frequency 400 Hz, 401 Hz and 
402 Hz are sounded simultaneously. The number of 
beats heard per second are 
(a) 1 
(c) 3 


(b) 2 
(d) none of these 
[IT 1992] 
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Solution (a) See from Figure that 2 Hz and 1 Hz are 
sounded together giving 1 beats/s. 


400 Hz 401 Hz 402 Hz 


54. Two open pipes of length 50 cm and 51 cm produce 
6 beats when sounded together, find the speed of sound. 


(a) 330 ms" (b) 316 ms"! 
(c) 306 ms”! (d) 360 ms”! 
luti c)f —f,=60r — - — =6 
Solution ©) /f-f i, 
v v 
-= = 6 or v = 306 ms". 


2(0.5) 2(0.51) 


55. If fundamental frequency of an open pipe is f, its 
fundamental frequency when it is half-filled with 


water is 
A 
(a) f (b) rr 
(c) 2f, (d) none of these 


[CBSE 1998] 


Solution (a) See the situation shown in the Figure. When 
the pipe is half-filled with water it becomes a closed pipe 
and the length. 


1=A4/2 


2 


same wavelength existed in open pipe. Therefore, 


orA=2l 


frequency remains unchanged as f= 7: 

56. In the experiment for determination of the speed of 
sound in air using resonance tube method. The length 
of air column that resonates with fundamental mode 
with a tuning fork is 0.1 m. When its length is changed 
to 0.35 m it resonates in first over tone. The end 
correction is 
(a) 0.012 m 
(c) 0.05 m 


(b) 0.025 m 
(d) 0.0024 m 


8.41 


A 3A 
Solution (b)/,+0.3d= q74t03d= T`’ 


=l, -1 =0.25 mor 2 =0.125m 
4 


A 
0.3d= 7 -1,=0.025m 


57. An observer moves towards a stationary source of sound 
with one-fifth of the speed of sound. The wavelength 
and frequency of the source emitted are A and f 
respectively. The apparent frequency and wavelength 
recorded by the observer are 
(a) 0.856 0.8 A (b) 1.2f,1.2 À 
(c) 12f,a (d) f, 1.24 

[CBSE 2003] 


Solution (c) f_ = Aro 


P f= 1.2 f wavelength remains 


unchanged. 


58. An air column closed at one end and open at the 
other end resonates With a tuning fork when 45 and 
99 cm of length. The wavelength of the sound in air 


columnis 
(a) 36 cm (b) 54cm 
(c) 108 cm (d) 180 cm 


[DPMT 2002] 


A 
Solution (c) o = 99 — 45 = 54 cm 
or A= 108 cm 


59. The frequency of a tuning fork is 384 Hz and velocity 
of sound in air is 352 ms~!. How far sound has travelled 
when fork completes 36 vibration? 

(a) 33m (b) 16.5m 
(c) llm (d) 22 m 
[DPMT 2002] 


36 
Solution (a) x= v.t = 352 x 334 = 33 m. 


60. A sound source is falling under gravity. At some time 
t =Q the detector lies vertically below source at a height 
H as shown in the Figure. If v is velocity of sound and 
Jis frequency of the source then the apparent frequency 
recorded after t = 2 second is 


H 
| || Detector 


8.42 


(a) fo 


(v+2g) 


(c) fy 


Solution (d) v, = 0 + g(2) = 2g 


V V 
miSa y Alva) 


61. An open pipe is suddenly closed at one end. As a result 
the frequency of third harmonic of the closed pipe 
is found to be higher by 100 Hz. The fundamental 
frequency of open pipe is 


(a) 200 Hz (b) 30 Hz 
(c) 240 Hz (d) 480 Hz 
[IIT 1996] 
v yvy 
Solution a/f O(closed) — 4 -= Al 
3v 
third harmonic of closed pipe = Ssd = Al 


3y v y 
FE = 100 or mia 100 and 
a 
I os 21 
y 
— = 200. 
21 


62. As a wave propagates 

(a) the wave intensity remains constant for a plane 
wave. 

(b) the wave intensity decreases as the inverse of the 
distance from source for a spherical wave. 

(c) the wave intensity falls as the inverse square of the 
distance from a spherical wave. 

(d) total intensity of the spherical wave over the 
spherical surface centred at the source remains 
constant at all times. 


Solution (a), (c) and (d). 


63. Two monatomic ideal gases 1 and 2 of molecular 
masses m, and m, respectively are enclosed in separate 
containers kept at the same temperature. The ratio 
of the speed of sound in gas 1 to gas 2 is given by 


(a) — (b) f= 
m, m, 
(c) 72 (d) | 
m, m 


[IIT 2000] 


RT 
Solution (d) As v = (a oo a 
M v, \m, 


64. A siren placed at a railway platform is emitting sound 
of frequency 5 kHz. A passenger sitting in a moving 
train A records a frequency of 5.5 kHz when the train 


Oscillationsand Waves 


approaches the siren. During his return journey in a 
different train B he records the frequency of 6 kHz 
while approaching the same siren. The ratio of velocity 
of train B to train A is 


242 2 
2A b — 
ops (b) 5 
(c) 2 a 


[IIT Screening 2002] 


Solution (c) =) 555. e) =E 


y 


E 2 slor -s2 


V V V, 


65. A piezo electric quartz crystal of thickness 0.005 
m is vibrating in resonate conditions. Calculate the 
fundamental frequency y for quartz. 

Y = 8 x 10'°Nm” and p = 2.65 x 10° kgm™ 

(a) 5.5 MHz (b) 55 MHz 

(c) 0.55 MHz (d) 5.5 kHz 
8x10'° 


Solution (c) v= [E- ——— 
p \2.69x10 


= 5.5 x 10°ms™!; 
v 5.5x10° 


Se eee ig ae 
f= 272x0005 Akai 


66. Calculate the ratio of speed of sound wave in Neon to 
that in H,O vapours at any temperature. 


9 3 
= b —~_— 
(a) ; (b) NE 
(c) = (d) = 
2 9 
[Roorkee 1992] 
VryeM 


e ~ H,O 


Solution (b) = = 


M x.Yu,0 


VHO 
E BESLEN 3 
~ V4/3x20 V8 2V2'` 


67. Find the speed of sound in a mixture of 1 mole of He 


and 2 mole of O, at 27°C. 
(a) 480 ms" (b) 621 ms! 
(c) 401 ms"? (d) 601 ms"? 
[IIT 1995] 
M+nM 
Solution (c) M = ny tny 
non, 
E 1x4+2x32 _ 68 
= 1+2 3 
_ Ant nC 
V(mixtue) n + n, 
( x 2 +2x 5 jR 
Uaa 13 
7 1+2 6 
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68. The velocity of sound is v, in air. If density of air is 
increased twice then the new velocity of sound will be 


V 
(a) v (b) -> 
S go 
3 
(c) V2 ¥, (d) =v, 
2 
[BHU 2003] 
[yP . 
Solution (b) v= |, that is, 
p 
Ys |2 
Vo 2p 
Vy 
= 7 2. 


69. Two radio stations broadcast their programmes at the 
same amplitude A and at slightly different frequencies 
œw, and œ, respectively where œ, — œ, = 1 kHz. A 
detector receives the signals from the two stations 
simultaneously. It can only detect signals of intensity 
> 2A’. Find the interval between successive maxima of 
the intensity of the signal received by the detector. 
(a) 2x 10s (b) 4x 10°s 
(c) 1.5 x 10s (d) 10°s 


Solution (d) y, =A sin 27% t andy, =A sin 2z,t 
y=y +y, =A sin 27m t+ A sin 2roæ,t 


O, +0) 


onsen (0, +0) 


tcos 27 ( t 


A’ = 2A cos 2x t 


O,—O, 
= 2A cos n(@, — w,)t 
Iœ A? =4A’cos? x(w, — @,)t 
For J to be maximum cos z(@, — @,)t=+ 1 


or 2(@,—@, )t=0, T, 27... 


T=t,-t,= = 10°s. 


2 0, 


70. Which of the following will pair up to produce 
stationary wave? 
(a) Z =A cos(kx — at) 
(c) Z,=A cos(kx — at) 
(a) land 2 
(c) 3 and 4 


(b) Z, = A cos (kx + œt) 
(d) Z, =A cos(kx + œt) 
(b) 2and3 
(d) 1 and3 

[IT 1993] 


8.43 


Solution (a) The waves must be travelling in opposite 
directions and have same amplitude and same frequency. 


71. A quartz crystal is used to produce ultrasonic. The 
frequency will be inversely related to 
(a) Young’s modulus (b) thickness 
(c) density (d) length 


Solution (b) f< 1/t 


72. Determine the period of oscillation of 200 g of Hg into 
a bent tube whose right arm forms an angle 30° with 
the vertical as shown. The cross-sectional area of the 
tube is 0.5 cm?. Neglect viscosity. 


(a) 0.68s (b) 0.74s 

(c) 0.8 s (d) 0.88 s 
Solution. (c) T= 2x7 L a 
Apg(sin 0, + sin @,) 


2 


= 27 | 
sxto*xtaexi0"xi0{ 1 | 


= 0.8s 


73. In the system shown, a long uniform rod is attached 
at one end of a spring constant k and the other end is 
hinged. It is displaced slightly and allowed to oscillate. 
The time period of oscillation is 


[M 
(a) 20 p3 
(c) 2r |” 
3k 


Solution (c) T= kyl = kP’8 


[M 
b sial 
(b) 27 7 


(d) none of these 


2 
t= “u a therefore, 
3 
2 
Hi a =— klo 


M 
T= 2m, | 
3k 


74. A solid ball of mass m is allowed to fall from a height 
h to apan suspended with a spring of spring constant k. 
Assume the ball does not rebound and pan is massless, 
then amplitude of the oscillation is 


mg b 
(a) k (b) 


(c) mi L 1+ 2hk a) 
mg 


Solution (d) mg (h + x)= Z kx? 


mg (2k 
k mg 


w a 
—} 1+ /1+— 
k mg 


; (28 _ 2mgh 7, 
or x— | Ea 
or x= 9 mg w 

k k mg 


75. A partical executes SHM of frequency f. The frequency 
of its kinetic energy is 


Í 
(a) f (b) 5 
(c) 2f (d) zero 


l 2 2 2 
Solution (c) KE = [mo (xj — x") 


— mo’ (x — x sin? o) 
2 


l > >{ l+cos* a 
mo x, | ————— 
2 2 


Note the frequency is 2% or 2f 


76. A, B, C are identical springs each of spring constant 
k as shown in Figure. Mass M is displaced slightly 
along C and released. Find the time period of small 
oscillation. 


Oscilationsand Waves 


T=2 | b) T=2 = 
(a) = 2 k (b) = 2 >k 
[m [3m 

(c) Tr=2% ak (d) T=2% Ok 


Solution (c) Net force as shown in the Figure is 
F=—-(kx+kxcos60+kxcos60)=—2kx 
ma=-2 kx 


=2k 


Or, a= —— x 
m 


kx sin60° 


kx Bk 
kx + kx cos60° + kx cos60° 

2k 
o= ,|-— 
m 

m 

or T=2r i — 

2k 


77. A particle is executing SHM x = 3 cos wt + 4 sin at. 
Find the phase shift and amplitude. 
(a) 50°, 5 units (b) 37°, 3.5 units 
(c) 53°, 3.5 units (d) 37°, 5 units 

Solution (d) x =x, sin (wt + ¢) =x, sin wt cos ¢ + x, cos 

wt sin $ = 3 cos wt + 4 sin wt 
Comparing we get x, cos ¢= 4 
and x, sin @ = 3 
dividing (2) by (1) tan ¢ = % or @ = 37°. Squaring and 
adding (1) and (2) we get x, =5. 

78. When two sinusoids oscillating in different frequencies 


are fed to x and y plates of a cathode ray oscilloscope 
the pattern shown in the Figure is observed. 
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81. 


8.45 


The equation of a standing wave produced on a string 
fixed at both the ends is y = 0.4 sin(0.3 14x) cos(600z7). 
The smallest length of the string would be (where 
x is in cm, ¢ is in seconds) 


5 2 
(a) — (b) = 
2 5 
1 k———— da — 
(c) — (d) 3 
3 
a a | (a) 20cm (b) 40cm 
Solution ©) — = —=— (c) 10cm (d) none of these 
O, n, 25 
79. In the figure the string has a mass 4.5 g. How much Solution (c) 4 -= k 
time will it take for a transverse disturbance produced 2 
at the floor to reach the pulley? (Take g = 10 ms”) = a T = 20 cm 
A 
Smallest length d= oF 10 cm. 

82. Auniform rope of mass 0.1 kg and length 2.45 m hangs 
from a ceiling. The time taken by the transverse wave 
to travel through the full length of the rope is 
(a) 2.0s (b) 1.28 
(c) FO s (d) 2.2 s 

Mx r 
M Z 
Solution (c)T = (Ax g and v = Ta = [gx 
(a) 0.04s (b) 0.25 ie 
(c) 0.458 (d) 0.02 s dx 
= at = Jox or dt = Jox 
gx 
Solution (d) v= Vong = = 100 ms” 
2x10 
4.5 A 
— oo m 

H= 305-78 
s=ut—+ gt? l 

Í j 
2 = 100- 5ť x 
P—20t+0.4=0 l 

+20 + y400 -1.6 
t = — ~ =0.02s 4 ot 
f 1/2 
or t= Sei. x “dx 
80. Two wires are kept tight between the same pair of Vg 


supports. The tensions in the wires are in the ratio 2 : 1. 
The radii are in the ratio 3 : 1 and the densities are in the 
ratio 1 : 2. The ratio of their fundamental frequencies are 
(a) 1/2 (b) 2/3 
(c) 3/4 (d) 4/9 


83. 


or t=2 2 a 
Ng V38 7 


Two successive resonance frequencies in an open organ 
pipe are 1944 and 2592 Hz. Find the length of the tube. 
The speed of sound in air is 324 ms"! 


(a) 25cm (b) 50cm 
> (c) 12.5 cm (d) none of these 
Solution a 4 TPA, _ [AP Z2 Solution (a) f, = 2592 - 1944 = 648 Hz 
T par 
T,pP,A, 2P\AN, A v 324 1 BPN M 
= ee = 25 cm. 
2 P i f 648 2™ 


| 8.46 


84. A cylindrical metal tube has a length of 50 cm and is 
open at both ends. Find the frequencies between | kHz 
to 2 kHz at which the air column in the tube resonates. 
The temperature on that day is 20°C. 

(a) 1020, 11360, 1700 Hz 
(b) 1026, 1368, 1710 Hz 
(c) 1328, 1660, 1922 Hz 
(d) none of these 


| 20 [293 

b = 330 .14+—— = 330 .J—— 

Solution b)» (T) 573 373 
342 


= 342 ms! > f= —=—— = 342 Hz. 
A | 

wavelengths allowed between 1000 Hz and 2000 Hz 

are 1026 Hz, 1368 Hz, 1710 Hz. 


85. A tuning fork produces 4 beats per second with 
another tuning fork of frequency 256 Hz. The first one 
is now loaded with a little wax and number of beats 
heard are 6 per second. The original frequency of the 
tuning fork is 
(a) 252 Hz 
(c) 250 Hz 


Solution (a) f= 256 + 4 Hz. 
On loading the first one the number of beats increase. 
Therefore, the frequency of the tuning fork must be 252 
Hz. As it will decrease further on loading and number 
of beats/s increase. 


(b) 260 Hz 
(d) 262 Hz 


86. Two stereo speakers are separated by a distance of 2.4 
m. A person stands at a distance of 3.2 m as shown 
directly in front of one of the speakers. Find the 
frequencies in audible range for which the listener will 
hear a minimum sound intensity. 


Speed of the sound in air is 320 msl. 


3.2 m 


(a) 1602n + 1) 
(c) 200(2n +1) 


(b) 320(2n + 1) 
(d) 100(2n +1) 


Solution (c) v3.2 +24? =4m 


Path difference = 0.8 m = (2n + 1) Ż 
1.6 v 320 
A= ——~ usi e y ad 
(2n +1) ne ie 


= 200(2n + 1)Hz. 
n= 1, 2, 3,... 49 are allowed. 
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87. A bullet passes past a person at a speed 220 ms™'. Find 
the fractional change in the frequency of the whistling 
sound heard by the person as the bullet crosses the 
person. Speed of sound = 330 ms". 

(a) 0.67 (b) 0.8 
(c) 1.2 (d) 3.0 


Solution (b) Limiting cases when it is just at the verge of 
crossing and when it has just crossed are taken. 


V 
f= yy 5O Sand 
h= V+ Vo B 

ht _ 3.6f E 
faz Ota = La 


Af = 0.8f or - SIR 


88. A source of sound emitting 1200 Hz note travels along a 
straight line at aspeed of 170 ms™. A detector is placed 
at a distance 200 m from the line of motion of the source. 
The frequency of the sound received by the detector 
when it 1s closest is (velocity of sound 1s 340 ms‘) 


(a) 1600 Hz (b) 800 Hz 
(c) 2400 Hz (d) none of these 
V 340 
= = — x 1200= Hz; 
Solution (a) f, Pi. f= grg * 1200 = 800 Hz 
V 340 
f= V+ Vs f= 170 x 1200 = 2400 Hz 
+ 800+ 2400 
_ hth Aa = 1600 Hz. 


89. A driver of a car approaching a vertical wall notices that 
the frequency of his car horn has changed from 440 to 
480 Hz when it gets reflected from the wall. Find the 
speed of the car if the speed of the sound is 330 ms" 
(a) 16.3 ms“! (b) 15.3 ms" 
(c) 14.3 m/s (d) none of these 


Solution (c) Let the velocity of car be u 


V+u 
Then 480 = — 440 


48 v+u 330 
= —— OF 


= —— = -1 

Tir u 53 14.3 ms”. 

90. Two sources of sound S, and S, vibrate at the same 
frequency and are in phase. The intensity of sound 
detected at a point P is Z. If 0 = 45’, what will be the 
intensity of sound reaching P if one of the sources is 
switched off. What will be the intensity if 0 = 60° 


or 
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P 

S, e {es 
I, Ig I. 1 
a) 2 “0 b) —2,—2 
a Tg ) WOM 
la to I, I, 
c) 2 0 d pall 
Hg O B 


Solution (c) Since the waves reach in phase J, = 4I 


91. 


Laax X Ooi + Yon)” = Y) 
=4 Y% =A] 


lo 
[= 4 


An electric train in Japan runs with a speed 1.3 Mach. 
It is approaching a station and blows a whistle of 
frequency 800 Hz. The frequency of the whistle heard 
by a Stationary observer on the platform is 

(a) 800 Hz (b) 1600 Hz 

(c) 1040 Hz (d) insufficient data. 


It is independent of 8. 


Solution (a) Since the velocity of source > velocity of 
sound, Doppler effect is inapplicable. 


92. A person P is 600 m away from the station when train is 


Zi 


approaching station with 72 km/h, it blows a whistle of 
frequency 800 Hz when 800 m away from the station. 
Find the frequency heard by the person. Speed of 
sound = 340 ms"! 


A 800 m 


PRACTICE EXERCISE 3 
(UNSOLVED) 


Two simple pendulums of lengths | m and 
16 m respectively are both given small 
displacements in the same direction at the same 
instant. They will again be in phase after the 
shorter pendulum has completed n oscillations 
where n is 
(a) 1/3 
(c) 4 


(b) 1/4 
(d) 5 


A simple spring has length / and force constant k. It 
is cut into two springs of length /, and J, such that 
l = nl, (n = an integer) the force constant of spring 
of length / is 


Solution (b)f = 


93: 
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(a) 800 Hz 
(c) 829.5 Hz 


(b) 839.5 Hz 
(d) 843.5 Hz 


app 


Se 
v— v, cos@ f 
340 


x 800 = 839.5 Hz 


~ 340-16 


600 m 


Phenomenon of beats can take place 

(a) for longitudinal waves only. 

(b) for transverse waves only. 

(c) for both longitudinal and transverse. 
(d) for sound waves only. 


Solution (c) 


94. 


In the absence of teacher a class of 50 students 
make a noise level of 50 dB. 50 more students enter 
the class. Assuming each student on an average 
produces same intensity of sound then the noise level 
increases by 
(a) 50 dB 

(c) 8.33 dB 


(b) 25 dB 
(d) 3dB 


= 10 log = 10log— 
I, I, 


= 10 log, = 3dB 
(a) k(l+n) (b) ki(n+1) 
(c) k(l +n) (d) k 


The kinetic energy and potential energy of a particle 
executing SHM will be equal when displacement 
(amplitude = a) is 

(a) ay2/3 (b) al2 

(c) al J2 (d) a2 


If a particle performs SHM with a frequecy v, then its 
K.E. will oscillate with a frequency 

(a) zero (b) v/2 

(c) v (d) 2v 
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3: 


10. 


l1. 


12. 


13. 


14. 


15. 


The dispalacement y in centimeters is given in terms 
of time ¢s by the equation: y = 3sin 314 t+ 4cos 314 t, 
then the amplitude of SHM is 

(a) 3 cm (b) 4cm 

(c) 5cm (d) 7 cm 


A body of mass m is suspended from rubber and with 
force constant k. The maximum distance over which 
the body can be pulled down for the body’s oscillation 
to remain harmonic is 
(a) mg/2k 
(c) 2 mglk 


(b) 2k/mg 
(d) mg/k 


Length of second’s pendulum is decreased by 1% then 
the gain or loss in time per day will be nearly 

(a) 0.44s (b) 4.45 

(c) 44s (d) 440s 


What is the length of second’s pendulum where g is 
980 cms? 
(a) 102.4 cm 
(c) 88 cm 


(b) 99.2 cm 
(d) 78 cm 


The displacement of particle in SHM in one time 
period is 
(a) zero 
(c) 2a 


(b) a 
(d) 4a 


For a particle executing SHM having amplitude ‘a’ 
the speed of the particle is one half of its maximum 
speed when its displacement from the mean 
position is 
(a) al2 


(c) aV3/2 


A spring pendulum is suspended from the top of a car. 
If the car accelerates on a horizontal road, the frequency 
of oscillation will 
(a) be zero. 

(c) increase. 


(b) a 
(d) 2a 


(b) remain same. 
(d) decrease. 


The length of the seconds pendulum on the surface of 
earth is Im. Its length on the surface of earth is 

(a) 1/36m (b) 1/6m 

(c) 6m (d) 36m 


The phase angle between the projections of uniform 
circular motion on two mutually perpendicular 
diameter is 
(a) x 

(c) 2/2 


(b) 32/4 
(d) zero 


When particle oscillates simple harmonically its 
potential energy varies periodically. If frequency 
of the particle is n, the frequency of the potential 
energy is 
(a) n/2 
(c) 2n 


(b) n 
(d) 4n 
A simple pendulum performs SHM about x = 0 with 


an amplitude A and time period T. The speed of the 
pendulum at x = A/2 will be 
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(a) 32 2A/T (b) EE 
(c) xo (d) zA £ 


The potential energy of a particle with displacement x is 
U(x). The motion is simple harmonic. If k is a positive 
constant then 
(a) U= kx 

(c) U=—kx?/2 


(b) U=k 
(d) U =ke 


A bob is suspended by a string of length /. The minimum 
horizontal velocity imparted to the ball for reaching it 
to the height of suspension is 


(a) Jilg (b) J2gl 
(c) gil (d) 2481 


The angle between the instantaneous velocity and the 
acceleration of a particle executing SHM is 

(a) zeroorz (b) 2/2 

(c)zero (d) z 


The frequency of SHM is 100 Hz. Its time period is 
(a) 0.01 s (b) O.1s 
(c) ls (d) 100s 


The displacement y of a particle executing periodic 
motion is given by y = 4 cos2 (t/2) sin (100t). 

This expression may be considered to be a result of the 
super position of 
(a) 2 

(c) 4 


(b) 3 
(d) 5 


Two bodies M and N of equal masses are suspended 
from two separate massless spring of spring constants k, 
and k, respectively. If the two bodies oscillate vertically 
such that their maximum velocities are equal the ratio 
of the amplitude of M to that of N is 


(a) k/k, (b) „fk, /k, 
(c) k/k, (d) „fki/k, 


If Eis the total energy of a particle executing SHM and 
‘A’ is the amplitude of the vibratory motion, the E and 
‘A’ are related as 
(a) Eo A? 

(c) ExA 


(b) E œ 1/A? 
(d) Ex 1/A 


A particle excites SHM with a time period of 2 s and 
amplitude 5 cm. Maximum magnitude of its velocity 
is 

(a) 10zcms! 
(c) 257 ems? 


(b) 20zcms! 
(d) Szcms'! 


The dimensional formula for amplitude of SHM is 
(a) MLT (b) MLT 
(c) MLT? (d) MLT? 


A simple pendulum is attached to the roof of a lift. Its 
time period of oscillation, when the lift is stationary 
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is 0.5 s. Its frequency of oscillation when the lift falls 
freely will be 
(a) infinite. 
(c) 2 Hz. 


(b) zero. 
(d) 20 Hz. 


A spring of force constant k is cut into two equal parts, 
which are then joined parallel to each other. The force 
constant of the combination will be 

(a) 4k (b) 2k 

(c) k (d) k/2 


The intensities of two notes are equal. If frequency of 
one note is one-fourth that of the other then the ratio 
of their amplitudes is 
(a) 16 

(c) 2 


(b) 4 
(d) 1 


A person wearing a wrist watch that keeps correct time 
at the equator goes to N-pole. His watch will 

(a) keep correct time. (b) gain time. 

(c) loose time. (d) cannot say. 


Which of the following is not essential for the free 
oscillation of a mass attached to a spring? 

(a) Elasticity (b) Gravity 

(c) Inertia (d) Restoring force 


A pendulum suspended from the ceiling of the train 
beats seconds when the train is at rest. What will be the 
time period of the pendulum if the train accelerates at 
10 ms”? Take g = 10 ms”. 


(a) (2/ V2 )s 
(c) 2 y2 S 
Which of the following quantities connected with SHM 
do not vary periodically? 


(a) Total energy 
(c) Displacement 


(b) 2s 


(d) none of these 


(b) Velocity 
(d) Acceleration 


A mass m is suspended from a spring of force constant 
k. The angular frequency of oscillation of the spring 


will be 
(a) k/m (b) Vmlk 
(c) mlk (d) Vk/m 


What is the number of degrees of freedom of an 
oscillating simple pendulum? 

(a) more than three (b) 3 

(c) 2 (d) | 

The graph between restoring force and time in case of 
SHM is a 


(a) parabola 
(c) straight line 


(b) sine curve 
(d) circle 


In SHM, which of the following quantities does not 
vary as per nature of the sine curve? 

(a) acceleration (b) time period 

(c) displacement (d) velocity 


Two particles P and Q describe SHM of same 
amplitude a and frequency v along the same straight 
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line. The maximum distance between the two particles 
is ay2. The initial phase difference between the 
particle is 
(a) 2/3 
(c) 2/6 


(b) 2/2 
(d) zero 


A particle is moving on acircle with uniform speed. Its 
motion is 

(a) aperiodic motion 

(b) periodic and SHM 

(c) periodic but not SHM 

(d) none of these 


The mass and radius of a planet are double that of the 
earth. The time period of a pendulum on that planet 
which is a seconds pendulum on earth, will be 


(a) | s (b) 0.5 s 
(c) 2 V2 s (d) "2s 


The work done by a simple pendulum in one completed 
oscillation is 

(a) equal to Ek. 
(c) zero. 


(b) equal to U. 
(d) equal to U + Ek. 


A particle is moving such that its acceleration is 
represented by the equation a = —bx, where x is its 
displacement from mean position and b is a constant. 
Its time period will be 


(a) 2n/Jb (b) 2z/b 
(c) 2x Jb (d) aff 


The displacement of a particle executing SHM 1s half 
its amplitude. The fraction of its kinetic energy will be 
(a) 2/3 (b) 3/4 
(c) 1/3 (d) 1/2 


The phase difference between the velocity and 
displacement of a particle executing SHM is 

(a) 2/2 radian (b) x radian 

(c) 2x radian (d) zero 


The ratio of the maxımum velocity and maximum 
displacement of a particle executing SHM is equal to 
(a) n (b) g 
(c) T (d) @ 


The physical quantity conserved in simple harmonic 
motion is 

(a) time period 

(c) potential energy 


(b) total energy 
(d) kinetic energy 


The bob of a simple pendulum consists of a sphere filled 
with mercury. If a small quantity of mercury is taken 
out, then the period of pendulum will 

(a) become erroneous (b) decrease 

(c) increase (d) remain unchanged 


The time period of a second’s pendulum is 2 s. The 
mass of the spherical bob is 50 g and is empty. If it is 
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replaced by another solid bob of same radius but mass 
100 g then its time period will be 

(a) 8s (b) 4s 

(c) 2s (d) ls 

The amplitude and time period of simple harmonic 


oscillator are a and T respectively. The time taken by 
it in displacing from x = 0 to x = a/2 will be 


(a) T (b) T/2 

(c) 7/4 (d) T/6 

The time period of the hour hand of a watch is 
(a) 24h (b) 12h 

(c) Lh (d) 1 min. 


A simple pendulum is released when 0 = 7/6. The time 


period of oscillation is 
(a) 27 £ (b) 2z L) 

g g \ 288 
(d) none of these 


(c) 2” HE 
g \ 293 


A mass m is suspended from a spring. Its frequency of 
oscillation is f. The spring is cut into two equal halves 
and the same mass is suspended from one of the two 
pieces of the spring. The frequency of oscillation of the 


mass will be 
(a) V2 f (b) 2f 
(c) f/2 (d) f 


What happens when a sound wave is reflected from the 
boundary of a denser medium? The compression ofthe 
incident wave is returned as a 

(a) rarefaction. (b) crest. 


(c) trough. (d) compression. 
The velocity of sound in vacuum is 

(a) 332 ms! (b) 288 ms" 

(c) 330 ms" (d) zero 


The frequency of aman’s voice is 300 Hz. If velocity of 
sound waves is 336 ms", the wavelength of the sound is 
(a) 1.12m (b) 300 x 336m 
(c) 330/336 m (d) none of these 


The angle between particle velocity and wave velocity 
in transverse waves 1s 
(a) x 

(c) 2/4 


(b) 2/2 
(d) zero 


Longitudinal waves cannot travel through 
(a) liquids. (b) gases. 
(c) vacuum. (d) solid. 


In case of the electromagnetic waves the angle between 
the electric and magnetic field vectors 1s 

(a) = (b) 2/2 

(c) zero (d) none of these 


A wave of length 2 m is superposed on its reflected 
wave to form a stationary wave. A node is located at x 
= 3 m, the next node will be located at x = 
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(b) 3.75m 
(d) 3.25 m 


(a) 4m 
(c) 3.50m 


Velocity of sound in the atmosphere of a planet is 500 
ms“. The minimum distance between the source of 
sound and the obstacle for an echo heard is 

(a) 17m (b) 50m 

(c) 25m (d) 20m 


If F is restoring force, k is force constant and y is 
displacement, which of the following expressions 
represent the equation of simple harmonic motion? 


(a) F=-ky (b) F= Jky 
(c) F=ky (d) none of these 


The number of beats produced per second by two tuning 
forks when sounded together is 4. One of them has a 
frequency of 250 Hz. The frequency of the other cannot 
be less than 
(a) 254 Hz 
(c) 248 Hz 


(b) 252 Hz 
(d) 246 Hz 


A bomb explodes on the moon. How long will it take 
for the sound to reach the earth? 

(a) 1 day (b) 1000s 

(c) 10s (d) none of these 


Two simple harmonic waves having the same amplitude 
and frequency with zero phase difference superimpose 
at right angles to each other. The resultant motion 
will be 

(a) linear. 
(c) circular. 


(b) eliptical. 
(d) none of these. 


A property of the progressive wave that does 
not depend upon other characteristics mentioned 
below is 

(a) wavelength. 
(c) frequency. 


(b) amplitude. 
(d) wave velocity. 


Two waves of same frequency but amplitudes 
equal to a and 2a travelling in the same direction 
superimpose out of phase. The resultant amplitude 
will be 


(a) Va? +2a’ 


(c) 2a 


(b) 3a 
(d) a 


The oscillators that can be described in terms of sine 
or cosine functions are called 

(a) simple harmonic. (b) natural. 

(c) sympathetic. (d) free. 


The distance between two consecutive antinodes is 0.5 
m. The distance travelled by the wave in half the time 
period is 
(a) 2m 
(c) 0.5m 


(b) Im 
(d) 0.25 m 


Which of the following expressions is that of a simple 
harmonic progressive wave? 

(a) A sin (wt— kx) (b) A sin æt 

(c) A sin æt cos kx (d) A cos kx 
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A wave of frequency 400 Hz has a velocity of 320 ms”. 
The distance between the particles differing in phase 
by 90° is 

(a) 80 cm 
(c) 40 cm 


(b) 60 cm 
(d) 20 cm 


The ratio of intensities of two waves is | : 16. The ratio 
of their amplitudes is 
(a) 16/17 

(c) 1/4 


(b) 1/16 
(d) 1/2 


Two waves each of loudness L superimpose to produce 
beats. The maximum loudness of the beats will be 

(a) 4L (b) 2L 

(c) L (d) none of these 


Two waves of intensities J and 47 superimpose. The 
minimum and maximum intensities will respectively be 
(a) 1,9] (b) 37,51 

(c) I, 5] (d) none of these 


The velocity of sound in oxygen at NTP is v. The 
velocity of sound in hydrogen at NTP will be 

(a) 242v (b) 2v 

(c) 4v (d) none of these 


The isothermal elasticity of a medium is E. and the 
adiabatic elasticity in E.. The velocity of the sound in 
the medium is proportional to 


(a) JE, (b) E, 
(c) JE, (d) E, 


The velocity of sound in air is v and the root mean 
square velocity of the molecules is c. Then v/c = 


(a) y/3 (b) Y3 


E ağ 
(c) = (d) 5 


The velocity of sound at 0°C is 332 ms"'. At what 
temperature will it be 664 ms‘? 

(a) 273°C (b) 546°C 

(c) 819°C (d) 1092°C 


Velocity of hydrogen at NTP is v. What will be the 
velocity of sound in a mixture of hydrogen and oxygen 
in the ratio 4: 1 at NTP is 
(a) v 

(c) v/2 


(b) 2v 
(d) v/4 


Beats are produced because of the superposition of two 
progressive notes. Maximum loudness at the waxing 
is n times the loudness of either notes. What is the 
value of n? 
(a) 4 


(c) 2 


The first resonance length in a closed organ pipe is 50 
cm. Then the second resonance length will be 

(a) 50cm (b) 100 cm 

(c) 150 cm (d) 200 cm 


(b) 2 
(d) 1 
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Which type of oscillations give rise to resonance? 
(a) damped (b) free 
(c) forced (d) all of these 


At what temperature the speed of sound in air will be 
1.5 times its value at 27°C in air? 

(a) 102°C (b) 204°K 

(c) 204°C (d) 402°C 


The ratio of speeds of sound in hydrogen gas and oxyen 
gas at same temperature will be 


(a) 8:1 (b) 4:1 

(c) 1:8 (d) 1:4 

The distance between a node and an anti-node is 
(a) 2A (b) A 

(c) Al2 (d) A/4 


The speed of a supersonic wave, as compared to that 
of sound is 
(a) less. 

(c) equal. 


(b) more. 
(d) 1/10. 


The increase in the speed of sound, on increasing the 
temperature of the medium by 10°C, will be 

(a) 600 ms" (b) 6ms"! 

(c) 0.61 ms"! (d) 60 ms"! 


The velocity of sound in air is 350 ms. The 
fundamental frequency of an open pipe of length 50 
cm will be 
(a) 700s! 
(c) 175 s7! 


(b)350 s7! 
(d)50 s7! 


The fundamental frequency of an open organ pipe is n. 
The pipe is vertically immersed in water such that half 
of its length is submerged. The fundamental frequency 
of air column in this position will be 

(a) ni3 (b) n/2 

(c) n (d) 2n 


If the ratio of amplitudes of two waves at any point in 
the medium is 1 : 3, then the ratio of maximum and 
minimum intensities because of their superposition 
will be 

(a) 2:1 
(c) 4:1 


(b) 3:1 
(d) 2:3 


The phase difference between the particles vibrating 
between two consecutive nodes is 
(a) zero (b) z/2 
(c) z (d) 2x 


The frequency of an open organ pipe is n. If one end is 
closed then its fundamental frequency will be 

(a) n/2 (b) 3n/4 

(c) n (d) 2n 


Two sound waves of equal intensity / superimpose at 
point P in 90° out of phase. The resultant intensity at 
point P will be 

(a) 4 (b) v21 

(c) 21 (d) I 
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The equation of a wave propagating in a string is y = 2 
cos z(100ż — x). Its wave length will be 

(a) 2 cm (b) 5cm 

(c) 2m (d) 50 cm 


On vibrating a tuning fork of frequency 256 Hz with 
another fork A, six beats per second are heard. On 
loading A, again six beats per second are heard. The 
frequency of A will be 


(a) 244 Hz (b) 250 Hz 
(c) 262 Hz (c) 268 Hz 
The ratio of frequencies in a stretched string is 
(a) 1:2:3 (b) 1:3:5 
(c) 2:4:6 (d) 3:2:1 


The property of a medium necessary for wave 
propagation is its 
(a) elasticity. 
(c) inertia. 


(b) low resistance. 
(d) all of above. 


The ratio (v) of velocities of sound in dry air and 
humid air is 
(a) v< l 
(c) v=1 


(b) v>l 
(d) zero 


The waves propagating on water surface are 
(a) ultrasonic. (b) longitudinal. 
(c) unaudible. (d) transverse. 


In Melde’s experiment, eight loops are formed with a 
tension of 0.75 N. If the tension is increased to four 
times then the number of loops produced will be 

(a) 2 (b) 4 

(c) 8 (d) 16 


The third harmonic in an open organ pipe is known as 
(a) fundamental frequency 

(b) second overtone 

(c) third overtone 

(d) first overtone 


The correct graph between the frequency n and square 
root of density (p) of a wire, keeping its length, radius 
and tension constant, is 


a b 
C d 
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P is the junction of two wires A and B. B is made of 
steel and is thicker while A is made of aluminium and 
is thinner as shown. If a wave pulse as shown in the 
figure approaches P, the reflected and transmitted waves 
from P are respectively 


JL 
am fLIL » LI LI 
© |_fJ IL@fLLy 


When both source and listener move in the same 
direction with a velocity equal to half the velocity of 
sound, the change in frequency of the sound as detected 
by the listener is 
(a) 50% 
(c) zero 


(b) 25% 
(d) none of these 


The wavelength of the sound produced by a 
source is 0.8 m. If the source moves towards the 
stationary listener at 32 ms', what will be apparent 
wavelength of the sound? The velocity of sound 
is 320 ms" 
(a) 0.80 m 
(c) 0.40 m 


(b) 0.72 m 
(d) 0.32 m 


The wavelength of light received from a galaxy is 10% 
greater than that received from an identical source 
on the earth. The velocity of the galaxy relative to 
the earth is 

(a) 3x 106 ms”! 
(c) 3x 108 ms"! 


(b) 3x 105 ms"! 
(d) 3x10” ms"! 


The velocity of sound in air is 330 ms". To increase 
the apparent frequency of the sound by 50%, the source 
should move towards the stationary source with a 
velocity equal to 
(a) 110 ms"! 
(c) 220 ms"! 


(b) 105 ms"! 
(d) 330 ms? 


A source of sound moves towards a stationary listener 
with the velocity of sound. If the actual frequency of 
the sound produced by the source be f, then change in 
frequency will be 
(a) f 

(c) f4 


A train is approaching the platform with a speed of 
4 ms”. Another train is leaving the platform with 
the same speed. The velocity of sound is 320 ms‘. 
If both the trains sound their whistles at frequency 
230 Hz, the number of beats heard per second 
will be 
(a) 10 
(c) 7 


A man runs towards a source of sound at 10 ms“. 
The frequency of the sound produced by the source is 


(b) fl2 


(d) none of these 


(b) 8 
(d) 6 
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400 Hz and heard is 410 Hz. The speed of the sound 
perceived by the man will be 


(a) 330 ms“ (b) 400 ms"! 
(c) 350 ms" (d) 340 ms! 
A pendulum vibrates with a time period of | s. The 


sound produced by it is in the 
(a) audible range. (b) infrasonic range. 
(c) ultrasonic range. (d) supersonic range. 


Which of the following characteristics successively 
increases in the musical scale? 

(a) Quality (b) Pitch 

(c) Loudness (d) None of these 


To change the quality of sound produced by an 
instrument, we need to vary the 

(a) number of wavertones. 

(b) pitch. 

(c) loudness. 

(d) amplitude. 


Two sound waves given by y, = 5 sin (300 zt) and y, 
= 4 sin(302 zt) superimpose. The ratio of the maximum 
to minimum intensity of the sound waves will be 


(a) 302/300 (b) 81 
(c) 9 (d) 5/4 
The pressure of air increases by 100 mm of Hg the 


temperature decreases by 1°C. What will be the change 
in the speed of sound in air? 

(a) 61 ms! (b) 61 mm! 

(c) 61 cms"! (d) none of the above 


A sound wave propagating in air may be treated either 
as a displacement wave or a pressure wave. What is the 
phase difference between the displacement and pressure 
wave? 


(a) 180° (b) 90° 

(c) 45° (d) zero 

If A is the amplitude of sound wave after covering a 
distance r, then 

(a) Ac I/r (b) Acr? 

(c) Ac l/r (d) Acr 

If the loundness changes from 30 dB to 60 dB, what is 


the ratio of the intensities in two cases? 


(a) 10,000 (b) 1000 
(c) 100 (d) 10 
The power of a loud speaker is increased from 20 W 


to 400 W. What is the power increase as compared to 
the original value? 


(a) 13 dB (b) 7 dB 

(c) 4dB (d) 2dB 

What is the ratio of the speed of sound in neon and 
water vapour at the same temperature. It is nearest to 
(a) 2.5 (b) 2 

(c) 1.5 (d) 1 
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The wavelength of a sound wave is reduced by 50%. 
Then the percentage change in its frequency will be 
(a) 100% (b) 200% 

(c) 400% (d) 800% 


A resonance tube of length | m is resonated with a 
tuning fork of frequency 300 Hz. If the velocity of 
sound in air is 300 ms“ then the number of harmonics 
produced in the tube will be 

(a) l (b) 2 

(c) 3 (d) 4 


The velocity of sound in dry air at 0°C and at 74 cm of 
Hg preassure is 332 ms", then the velocity of sound at 
50°C and 77.5 cm of Hg pressure in ms“! will be 

(a) 322.7 (b) 347.1 

(c) 352.4 (d) 361.1 


The frequency of sound in oxy gen at room temperature 
is v. The frequency of sound in a mixture of oxygen 
and hydrogen at the same temperature will be 

(a) uncertain. (b) equal to v. 

(c) less than v. (d) more than v. 


Beats are the result of 

(a). constructive and destructive interference in time. 
(b) constructive and destructive interference in space. 
(c) destructive interference in space. 

(d) constructive interference in space. 


In Kundt’s tube experiment wavelength in the metallic 
rod and air are 80 cm and 16 cm respectively. If the 
velocity of sound in air is 300 ms“ then the velocity of 
sound in rod will be 
(a) 80 ms” 

(c) 240 ms! 


(b) 3.75 ms"! 
(d) 1500 ms"! 


The velocity of sound in air is 332 ms"'. The length of 
a closed pipe whose frequency of second overtone is 
332 Hz, will be 
(a) 0.51 m 
(c) 1.25m 


(b) 0.75m 
(d) 1.75m 


A closed organ pipe, of length 1.2 m and filled with a 
gas, is resonated in its fundamental mode with a fork. 
Another open pipe of same length but filled with air 
resonates with the same fork. The room temperature is 
40°C. If the speed of sound in air at 40°C is 360 ms", 
then the speed of sound in gas at 40°C will be 

(a) 341.5 ms“! (b) 637 ms! 

(c) 633 ms? (d) 720 ms"! 


The velocity of sound in dry air at 0°C and 74 cm 
pressure is 332 ms" then the velocity of sound at 50°C 
and 77.5 cm pressure in ms“ will be 
(a) 322.7 (b) 347.1 
(c) 352.4 (d) 361.1 


In Kundt’s tube experiment the metallic rod executes 
(b) longitudinal vibrations. 
(d) none of these. 


(a) transverse vibration. 
(c) both. 
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Five beats per second are produced on vibrating two 
closed organ pipes simultaneously. If the ratio of their 
lengths is 21/20, then their frequencies will be 

(a) 105 Hz and 100 Hz. (b) 105 Hz and 110 Hz. 
(c) 100 Hz and 105 Hz. (d) 110 Hz and 105 Hz. 


If the adiabatic constant for helium and hydrogen gases 
at the same temperature are 5/3 and 7/5 respectively, 
then the ratio of velocity of sound in these gases 


will be 
(a) 42:5 (b) 5: 42 
(d) 5:42 


(c) J42 :5 


A source of sound is emitting sound waves in all 
directions in an absorptionless medium. This source 
is at distance of 4 m and 16 m from points x and y 
respectively. The ratio of amplitudes of waves at points 
x and y will be 
(a) 2:4 

(c) 4:2 


(b) 4:1 
(d) 1:4 


Two open pipes of length L are vibrated simultaneously. 
If length of one of the pipes is reduced by y, then the 
mumber of beats heard per second will nearly be (if the 
velocity of sound is v and y < L) 


vy 2L 
Z b 2 
(a) a (b) W 
vy aq Y 
(c) TE (d) T 


Two waves of wavelength 1.00 m and 1.01 m produce 
10 beats in 3 s in a gas. The speed of sound in the gas 
will be 

(a) 316.6 ms“! 
(c) 356.6 ms! 


(b) 3366 ms”! 
(d) 396.6 ms” 


A source of sound of frequency 90 Hz is moving 
towards an observer with a velocity one-tenth the 
velocity of sound. The frequency heard by the observer 
will be 

(a) 50 Hz 

(c) 200 Hz 


(b) 100 Hz 
(d) 300 Hz 


A source of sound of frequency 512 Hz is moving 
towards a wall with velocity v equal to that of second. 
An observer is standing between the source and the 
wall, then he will listen 
(a) no beats s7! 

(c) 6 beats s! 


(b) 3 beats s~! 
(d) 12 beats s7! 


An engine blowing whistle, is approaching a stationary 
observer with a velocity of 110 ms-'. The ratio of 
frequencies heard by the observer while engine 
approaching and receding away from him will be 
(ifv = 330 ms"') 
(a) 1:4 

(c) 2:1 


(b) 4:1 
(d) 1:2 


Earth is moving towards a stationary star with a velocity 
100 kms". If the wavelength of light emitted by the 


137. 


138. 


139. 


140. 


141. 


142. 


143. 


144. 


145. 


Oscillaationsand Waves 


star is 5000 A, then the apparent change in wavelength 
obseved by the observer on earth will be 

(a) 0.67 Å (b) 1.67 Å 

(c) 16.7 Å (d) 167 Å 


An observer measures speed of light to be C when he 
is stationary with respect to the source. If the observer 
moves with velocity v towards the source then the 
velocity of light observed will be 


(a) c- v (b) c+v 
(c) Vi-V/¢ (d) c 


A whistle is revolved with high speed in a horizontal 
circle of radius R. To an observer at the centre of the 
circle the frequency of the whistle will appear to be 
(a) decreasing. (b) increasing. 

(c) both. (d) constant. 


A source of sound is emitting a waves of wavelength 
40 cm in air. If this source starts moving towards east 
with a velocity one-fourth the velocity of sound then the 
apparent wavelength of sound in a direction opposite 
to that of source will be 

(a) 20cm (b) 50cm 

(c) 80 cm (d) 100 cm 


A siren is producing sound of frequency 930 Hz. This 
siren is moving away from an observer towards a 
wall with velocity of 20 ms'. The frequency of sound 
directly coming from the siren will be 

(a) 882 Hz (b) 1000 Hz 

(c) 930 Hz (d) 977 Hz 


The apparent wavelength of light from a star moving 
away from earth is observed to be 0.01% more than its 
real wavelength. The velocity of star is 

(a) 120 kms"! (b) 90 kms"! 

(c) 60 kms"! (d) 30 kms" 


A star is receding away from earth with a velocity of 
10° ms“'. If the wavelength of its spectral line is 5700 
A then Doppler shift will be 

(a) 0.2A (b) 1.9 Å 

(c) 20 Å (d) 200A 


The wavelength of H, line in hydrogen spectrum was 
found 6563 A in the laboratory. If the wavelength of 
same line in the spectrum of a milky way is observed 
to be 6586 A then the recessional velocity of the milky 
way will be 

(a) 0.105 x 10° ms"! 
(c) 10.5 ms"! 


(b) 1.05 x 10° ms! 
(d) none of these 


If a soldier jumps from an aeroplane moving with 
a constant horizontal velocity, then the ratio of the 
frequency of aeroplane sound heard by him f’ and 
real frequency f will be 
(a) 1:4 
(c) 1:2 


(b) 2:1 
(d) 1:1 
A rocket is receding away from earth with velocity 
0.2 c. The rocket emits signal of frequency 4 x 10’ 
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146. 


147. 


Hz. The apparent frequency of the signal produced 
by the rocket observed by the observer on earth 
will be 

(a) 3 x 10°Hz 
(c) 3.2 x 10’ Hz 


(b) 4x 10° Hz 
(d) 5x 10’ Hz 
A spectral line is obtained from a gas discharge tube 


at 5000 A. If the rms velocity of gas molecules is 105 
ms! then the width of spectral line will be 


(a) 3.3 Å (b) 4.8 Å 
(c) 7.2 Å (d) 9.1 Å 
When an observer is approaching a stationary source 


with a velocity v, then the apparent change in frequency 
observed by him will be 


a n b) n 
V+V, Vo 

(c) eG (da) “2n 
v y 
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148. A whistle produces 256 waves per second. If the velocity 


of sound towards the observer and its magnitude is one- 
third the velocity of sound in air then the number of 
waves received by the observer per second will be 

(a) 192 (b) 200 

(c) 300 (d) 384 


149. When a source moves away from observer then 


apparent change in freuency is An,. When an observer 
approaches the stationary source with same velocity v 
then change in frequency is An, then 

(a) An, =An, (b) An, > An, 

(c) An, < An, (d) none of these 


150. A SONAR inside sea works at 40 kHz. A submarine is 


(d) 
(b) 
(b) 
(b) 
(d 
(c 
(c 
(a 
(d 
(a 
(d 
(b 
(a 
(a 
(a 
(b 
(a 
(d 
(b 
(d 
(d 


eee eee ee” 


eee” — “eee” — “tee” eee” S “eee” — “eee” “tee” — “eee” eee” eee” eee eee eee” 


approaching it with a velocity 360 Kmh". If the speed of 
sound in water is 1450 ms“! then the apparent frequency 
of waves after reflection from submarine will be 


(a) 11.5 kHz (b) 36.8 kHz 
(c) 45.9 kHz (d) 98.6 kHz 

5.  (c) 6. (d) 7. (d) 
12. (b) 13. (c) 14. (c) 
19. (a) 20. (b) 21. (b) 
26. (a) 27. (b) 28. (a) 
33. (c) 34. (b) 35. (b) 
40. (a) 41. (b) 42. (a) 
47. (d) 48. (b) 49. (b) 
54. (b) 55. (c) 56. (b) 
61. (d) 62. (a) 63. (b) 
68. (d) 69. (c) 70. (a) 
75. (c) 76. (c) 77. (a) 
82. (d) 83. (b) 84. (b) 
89. (a) 90. (b) 91. (c) 
96. (d) 97. (b) 98. (b) 
103. (d) 104. (a) 105. (d) 
110. (a) 111. (b) 112. (c) 
117. (d) 118. (a) 119. (b) 
124. (b) 125. (d) 126. (d) 
131. (o) 132. (b) 133. (b) 
138. (d) 139. (b) 140. (a) 
145. (o) 146. (a) 147. (d) 
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Heat, temperature, thermal expansion; specific heat capacity, calorimetry; change of state, latent heat. Thermal | 
equilibrium, zeroth law of thermodynamics, concept of temperature. Heat, work.and internal energy. First law of 
thermodynamics. Second law of thermodynamics: reversible and irreversible processes. Carnot engine and its 


efficiency. 


Equation of state of a perfect gas, work done on compressing a gas.Kinetic theory of gases - assumptions, 

| concept of pressure. Kinetic energy and temperature: rms speed of gas molecules; Degrees of freedom, Law 
of equipartition of energy,applications to specific heat capacities of gases; Mean free path, Avogadro's 
number. 


BRIEF REVIEW 


Zeroeth Law of Thermodynamics If two bodies 
A and B are in thermal equilibrium and B and C are also 
in thermal equilibrium then A and C are also in thermal 
equilibrium. 

Note that thermal equilibrium deals with equal 
temperature. Temperature is measured using a thermometer. 
An ideal thermometer shall have infinite temperature range. 
Since no thermometer is ideal, therefore we have large 
number of thermometers. 


Table 9.1 


Thermometer Principle Temperature Range 


1. Mercury Linear — 35° C to + 500° C 
thermometer expansion (With compressed N,) 

2. Constant AV «x AT 0 K to 500 K 
pressure gas 
thermometer 

3. Constant AP « AT 0 K to 500 K 
volume gas 
thermometer 

4. Platinum AR « AT 500 K to 2300 K 
resistance 
thermometer 

5. Thermocouple emfe=aT 500 K to 2300 K 
thermometer + T? 

6. Pyrometer Radiation > 2000 K 

theory 


In mercury thermometer 


AT = AL 
læ 


is the formula employed, a is linear 


expansion coefficient. 


In constant pressure gas thermometer, 


AV AVx273 

AT = =~ = = 
Viy Va 

= : for ideal 
y= 773 or ideal gases. 
In constant volume gas thermometer, 
AP 273AP 

AT s Ąan— e 
F ii point 4 F ripi point 

In platinum resistance thermometer, 
AR 

AT = — 
Ra 


ais thermal coefficient of resistance. 


In thermocouple, thermometer scale is non-linear. 
Temperature is either matched with a standard curve 
supplied by the manufacturer or a digital display is 
provided. a and f depend upon the materials used to form 
thermocouple. 


emfe=aT + 


pT’ 
2 
Pyrometer uses Stefan’s Law 


Intensity E = 0 T* 
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Relation between different temperature scales 


C _F-32_R _R, — 460 
100 180 80 212 
C — °C (degree Celsius) 


F —> °F (degree Fahrenheit) 
R — Reaumer 


R, — Rankine 


Triple point of water 273.16 K or 0.16°C. Temperature 
of human body is 37° C or 98.4° F 


— 40°C = - 40° F ; 574.25 K + 574.25° F 


Barometric formula P= P, e™*®T where M is molar 
0 
mass, h is height, P, is pressure at h = 0 


R = pvlth 
l being characteristic length 


Production and measurement of very low temperatures 
is called cryogenics while measurement of very high 
temperatures is called pyrometry. 

Ideal gas equation PV = nRT 
n = number of moles 
R = 8.314 J mol” K” 


Ideal gas is a gas which always obeys the equation 
PV = nRT. 


Force exerted by the gas 


F- yv 
— 3L 


F 
Pressure P = T = 


] ] 
PV= -Mvis  PV= >Nmv?, 
3 2 


where N = total number of molecules/atoms 


, = BP [BPV ART 
rms p M M 


M — molar mass 


Number of collisions exerted by a gas/unit area of the 


NV y 
wall surface per unit time N = = 
SkT SRT 
where v, nee Vo TM m is mass of a single 
ü am T 
molecule. 


Relative number of gas molecules traversing distance x 


—x/A 


1 
without collision is N = NE where À = Jnd’n is mean 
n 


free path, n = number of molecules per unit volume and d is 
effective diameter of the molecule. 

P T 

273.16 


1 
Kinetic energy K = — Mv’; 
2 P 


triple point 


1 
Boyle's Law P œ yo PV = constant 
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Charles's law of pressure 


2 
Po v 


ms 


orpxT;V „<T 


Avogadro’sLaw Atthe same temperature and pressure, 
equal volumes of all gases contain equal number of 
molecules. 


Graham's Law of Diffusion When two gases at the 
same pressure and temperature are allowed to diffuse into 
each other, the rate of diffusion of each gas is inversely 
proportional to the square root of the density of the gas. 


h P, 


l 
Diffusion coefficient D = — Av 


3 average 


Dalton’s Law of Partial Pressure The pressure exerted 
by a mixture of several gases equals the sum of the pressures 
exerted by each gas occupying the same volume as that of 
the mixture. 


P=P,+ 


8kT 
e 
mm aM 
V most probable ‘\ pa m =, M 


Maxwell's Seed Distribution 


3/2 
m 2 -m° 
dN = tan | 5 | v o 2T 


Van der Waals’ Equation of State 


p t 
ty (V-b)= RT (for one mole) 


-a 
or G ty (V — nb) = nRT for n moles 


AE = 3b, P 


critical = 27þ? 2 


ba _ 8 T 
27Rb 27 


critical 


a 
where T, is Boyle’s temperature and T, = a 


Relative Humidity 


Vapour pressure of air 
~ Saturated vapour pressure at the same temperature 


Saturated vapour pressure at dew point 
~ Saturated vapour pressure at air temperature 


The amount of heat needed to raise the temperature 
of 1g of water by 1°C (14.5°C to 15.5°C) at a pressure of 1 
atm is called a calorie. 
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Specific Heat Capacity (c) It is the amount of 
heat required to raise the temperature of a unit mass of 
substance by 1°C. 


c= AL where A@ is rise in temperature. 
mA@ 
Latent heat It is the amount of heat required to change 
the state of unit mass of a substance from liquid to vapour 
or solid to liquid without changing the temperature. It is of 
two types: latent heat of fusion (solid — liquid) and latent 
heat of vaporisation (liquid — vapour). 


Latent heat of fusion of ice (water) = 80 calg”! 
AQ 
M 


Latent heat of vaporisation of water = 537 calg”! 
practically taken to be 540 calg"!. 


L= 


HeatofSublimation Amountof heat required to convert 
a solid (unit mass) directly to vapour (gas). 


Hoar frost is reverse of sublimation. Freezing of clouds is 
an example. 
Reglation is the melting of ice under pressure and its 
resolidification when pressure is removed. 

Variation of melting point in solids and boiling point 
in liquids (T) is given by 


dP JL 


7 dt Tk (Vinal - Vitia ) 


1 


Mechanical equivalent of heat 1 calorie = 4.186 J 
(practically taken to be 4.2 J). 


Law of calorimetry If no heat is wasted to the 
surroundings then heat gained = heat lost when two bodies 
are in contact. 


Thermal capacity or water equivalent W= mc 


Specific heat of gases is of two types: specific heat of gases 
at constant volume (S_) and specific heat of gases at constant 
pressure (S,). 


V 
m AT constant volume 


and molar specific heat at constant volume 


A 
c= (Sir) 
” n AT constant volume 


a 
S P7 | mAT 


and molar specific heat at constant pressure is 


ar) 
Cp = n AT constant pressure 


Mayer formula C,- C, = R 


L pressure 


Note that C, (adiabatic process) = 0 


C, (isothermal process) = œ 


93) 


Law of equipartition of energy Each degree of 
freedom in a gas, on an average, contributes equal energy 


(average) > kT/ molecule or 5 RT per mole. 


For a monatomic gas 


c=2R:C,=2R aya eee 2167 
yoy BGS 7 Randy= E =I. 


Number of degrees of freedom = 3 (all translational). 
For a diatomic gas 


C,= ` R, C, = : R and y = 7/5 = 1.4 
Number of degrees of freedom = 5 (3 translation + 
2 rotation), assuming molecules do not vibrate. 


There are certain gases which do vibrate. In such cases, 
number of degrees of freedom =7. 
7 9 C 9 


C = — R, C = we = 
r P Æ N 7 


For polyatomic gases number of degrees of freedom = 
6 (3 translation, 2 rotation and 1 vibration) 


= 1,29 


Cp 
CENIR T T3 


v 


If all the degrees of freedom (translational, rotational 
and vibrational) are excited then for an N-atomic molecule 
(volume or network), number of degrees of freedom = (6N 
— 3). For an N—atomic linear molecule, number of degrees 
of freedom = (6N — 5) 


Dulong Petits law Specific heat of solids at constant 
volume = 3R or 6 calmol"! °C"!. It is valid at high 
temperatures. It is based on the fact that there are 3 N 
vibrational states for N molecules. 


For a mixture of gases 


C 
y l Pmi 
mıx 
C, 
o Ay ty, | -C 4R 
Vmix >? \Pmix ~ Vmix 


ny +n, 


Specific heat of H, is maximum [3.5 calg™ °C7']. This 
is followed by water [1 calg °C7']. It is minimum for Radon 
and Actinium [0.22 calg °C]. 

At low temperature, specific heat C œ T? (in 
superconducting range) and at high temperature C « T. 


There are 4 Laws of Thermodynamics. Zeroeth, First 
Law, Second Law and Third Law. Zeroeth law deals with 
thermal equilibrium. 


First law of Thermodynamics Consider an ideal gas 
in a cylinder fitted with a piston. Assume that the piston is 
fixed at its position and the walls of the cylinder are kept at 
a higher temperature than that of the gas. The gas molecules 
strike the wall and rebound. The average KE of a wall 
molecule is higher than the average KE of a gas molecule. 
On collision the gas molecule receives some energy from 
the wall molecule. This increasesd KE is shared by other 
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gas molecules also. In this way total internal energy of the 
gas increases. 


Fig. 9.1 Internal energy illustration 


Now consider that the walls of the cylinder are also at 
the same temperature as that of the gas. As the gas molecules 
collide with the piston coming towards it, the speed of the 
molecule increases on collision (Assuming elastic collision 
v, = v, + 2u). This way internal energy of the molecules 
increases as the piston is pushed in. Thus we see that energy 
transfer and work go together. If AQ is the heat supplied and 
AW is the work done, then the internal energy of the gas must 
increase by AQ — AW. 


Fig. 9.2 Illustration of internal energy and work done 
Hence AU = AQ —- AW 
or AQ=AU+AW 


is called the first law of thermodynamics. 


Work done by a gas = PAV or W= P PdV 


The first law denies the possibility of creating or 
destroying energy. 


Thermal Processes In general thermal processes 
may be of three types: (a) reversible, (b) irreversible and 
(c) cyclic. A reversible process means if a process takes up 
the path AB (Fig. 9.3) then on reversing the conditions it 
comes back by BA. A thermal process however cannot be 
reversible. It could be reversible if the change is extremely 
small (infinitesimally small). 


Fig. 9.3 Reversible process 
In an irreversible process one will not reach back to A 
if the process AB has occurred. 
In a cyclic process, if the process takes the path AxB, 
it returns via ByA (Fig. 9.4). 


Thermal processes may be cyclic or irreversible. 
Change in internal energy in a cyclic process is zero. 
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Hence AQ = AW 


We can divide these processes as 
P 


Fig. 9.4 Cyclic process 


(b) isochoric 

(d) adiabatic 

(f) polytropic 

In isobaric process, pressure remains constant and work done 
W= PAV= P(V,- V} 


(a) isobaric 
(c) isothermal 
(e) throttling 


dQ = dU + pdV 
In isochoric process, volume remains constant. Therefore 
dV=0 

Hence work done is zero 

AQ = AU 


—ve work +ve work 


Isobaric compression Isobaric expansion 


(a) (b) 
Fig. 9.5 (a) lsobaric compression and (b) expansion 


In isothermal process the temperature remains constant. 
Melting and boiling are examples. Specific heat in isothermal 
process is 0. 


Work done, 


v dV V. 
W= | pdV =nRT Í, y TART log, 7 


l 


V, F 
= 2.303 nRT log = 2.303 nRT log 
V “P 


1 
Isothermal elasticity = P (Bulk modulus) 


In an adiabatic process heat is neither allowed to enter nor 
allowed to escape the system. Specific heat in an adiabatic 
process is zero. 


Compression Expansion 


(a) 


Isothermal compression 


(b) 


Isothermal expansion 
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Isobaric 


Isothermal 


Cc ; 
Expansion 


(c) 


Isobaric, Isothermal and adiabatic expansion 


Fig. 9.6 
Since dO = 0 
dU = -pd V 
In an adiabatic process 
(i) PV’ = constant 
(ii) P!” T’ = constant 
(iii) TV™! = constant 


P Compression 


Isothermal 


Fig. 9.7 Work done in various cases 
Work done in an adiabatic process, 
PV, - PV, _nR(T,-T,) 
y-l pos 
Adiabatic elasticity (Bulk modulus) = yP 


second Law of Thermodynamics The second 
law denies the possibility of utilisation of heat out of 
a single body. The definitions of the second law of 
thermodynamics are: 


(a) It is impossible to construct an engine which, 
Operating in a cycle, will produce no effect other 
than the extraction of heat from a reservoir and 
the performance of an equivalent amout of work. 
(Kelvin Planck statement) 

(b) Heat cannot flow itself from a colder to a hotter 

body. 

It is impossible to have a process in which the 

entropy of an isolated system is decreased. 


(c 


Ne” 


Adiabatic —> Thermally insulating 
Diathermic —> Thermally conducting 


Heat Engine A heat engine takes a heat Q, from the 
furnace and rejects Q, to the heat sink and does a work 


W=0,-Q, 


Q, I, 


Thus efficiency of an engine y= 1-3 =1- 7 
Q, I 


Fig. 9.8 Carnot engine 


dQ dQ 
Entropy dS = a or S,- S= > 
Note that T is not differentiable. Entropy is a measure 
of randomness or disorder in a system. 


Clausius inequality G2 <0 


or AS2> or dQ = TdS > dU + pdV 
Relation between entropy and statistical weight Q 
(thermodynamic property) 


S= K log. Q 
where k is Boltzmann’s constant. 


Amount of heat required to form a unit area of the liquid 
surface layer during the isothermal increase of its surface 


do 
H=-T aT where o is surface tension. 


Carnot Engine The french scientist (auto engineer) NL 
Sadi Carnot in 1824 suggested an idealised engine called 
Carnot engine. It has a cylinder piston system. The walls 
and the piston are completely adiabatic (insulating) and the 
base is diathermic (thermally conducting). It contains an ideal 
gas. It undergoes isothermal expansion, adiabatic expansion, 
isothermal compression and adiabatic compression to 
complete the cycle. PV and ST plots for a Carnot cycle 
are shown in Fig. 9.9. Carnot’s engine is a reversible 
engine. 


Fig. 9.9 Carnot cycle 
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Carnot’s theorem All reversible engines operating 
between the same two temperatures have equal efficiency 
and no engine operating between the same two temperatures 
can have an efficiency greater than this. 


According to Carnot’s theorem, maximum efficiency 
hea; 
Ti Q; 


Since T, cannot be zero (as 0 K cannot be obtained), 
therefore, efficiency cannot be 1. 


y=1- 


Refrigerator or heat pump A heat engine takes heat 
from a hot body, converts part of it into work and rejects to 
cold body. The reverse operation is done by a refrigerator (or 
heat pump). It takes an amount Q, of heat from a cold body, 
an amount of work W is done on it by the surrounding and a 
total heat Q, = Q, + W is supplied to hot body as illustrated 


in Fig. 9.10. 
High temp. body 


Heat 


Qf 

Q, T, 
Q, +W Lii 
=~ Q TT, 


S 
or W=Q, T 


This leads to another statement of second law: 


It is not possible to design a refrigerator which works 
in a cyclic process and whose only result is to transfer heat 
from a colder body to a hotter body. This is the Claussius 
statement of the second law of thermodynamics. 


Coefficient of performance, 


heat extracted Q: _ Q 


= workdone W Q-Q, 
In a perfect refrigerator K = œ 
that is, Q, =Q, or W=0 


Short Cuts and Points to Note 


1. No gas in real practice is ideal. However, gases like 
H,, N,, O, and He may be considered ideal as these 
cannot be liquified easily. An ideal gas will follow 


4 (dy 
. Volume correction b = 4N, a2) l 


Volume 
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PV = nRT strictly. No molecular forces are present 
in an ideal gas. 


Therefore <= 0 
erefore ay = 


. Vapours above critical temperature are termed as 


gases, that 1s, a gas cannot be liquified. Critical 
temperature is that temperature above which a gas 
cannot be liquified. 


4 3 
=4N, Sar l 


. In linear expansion AL = aLAT 


In superficial (area of the surface) expansion AS = 
PSAT 


In cubical expansion AV = y VAT 
Note that f = 2a 

y= 3a 

Variation of density with temperature 
p(T) =p, - yAT) 

Thermal stress = YaAT 

where Y is Young’s modulus. 

Force = stress x area = YaATA 


A pendulum clock becomes slower in summer and 


l 
faster in winter. Change in time AT = 5 a A0 (T) 


. Water shows an anomalous behaviour between 0° 


and 4° C. 


Density 


0°C 4 Temperature 0°C £C Temperature 


(a) (b) 
Anomalous behavior of water 


It is due to anomalous behaviour of water that 
aquatic animals survive even when the upper surface 
of water in a lake freezes. High density water 
remains at 4°C. 


. When a liquid expands, since it is contained in a 


container, we actually measure apparent expansion 
coefficient Yap HY, is real expansion coefficient then 
y, =y, + 3a 


container 


Ify >y then y, > 0 (level of the liquid rises) 


container 


If ie = Ý container 
on heating) 


then y p <0 (level of the liquid falls 
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if Y= Ycontainer HEN Vapp = O (level remains unchanged) 


1 
= — per degree Celsius for gases 
y 273 p 2 2 


. Substances like ice do not expand on heating 


(melting). Rather they expand on cooling in a 
specific range. 


8. 1.0 g of steam at 0° C melts 8 g of ice at 0° C. 


9. Thermal capacity = water equivalent = mc (units 


10. 


l1. 


12. 


JK" or cal °C). Heat required when a substance 
changes state without changing temperature 


AQ = mL 
L is called latent heat. 


According to calorimetry heat gained by a substance 
= heat lost by the other when the two are in contact. 
It is assumed that no heat is wasted to surroundings. 
Specific heat of water = 1 cal g! °C! 

Specific heat of ice = 0.5 cal g`! °C"! 

Heat gained by —0, °C... 

= LL Oe T ML + M.-C yAO 

Heat gained by 0 °C. 

= ML + mM, CA0 


Heat lost by water = m, C, A@ 


, - BP. BPV _ BR _ [BKT 
i p M M m 


where M is molar mass and m is mass of a molecule/ 
atom. 


R is gas constant and k is Boltzmann’s constant. 
R = 8.314J K~ mol! 
k = 1.386 x 10° erg °C"! 

8kT 


; SRT 
Average velocity v A eye = 
average aM zm 


Most probable velocity 


2RT  J2kT 
Yai probable = M E m 


Molar specific heat of gases C, = A R,C = ZR, 
5 
y= 3 for monoatomic gases 


For diatomic gases C, = ZR, C, = oR i= 


For polyatomic gases C, = 3R, C, = 4R, y= 


Dulong Petit’s law for solids is valid at high 
temperatures 


C, = 3R = 6 cal mol!K"! 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


or 


ZZ. 


23: 
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Specific heat of lighter elements is higher than that 
of heavier elements and vice versa. Specific heat of 
the same substance in different states (solid, liquid 
and vapour) 1s different. For example, specific heat 
of water is 1 calg'°C"", that of ice is 0.5 calg! °C7. 


With rise in temperature, the weight of a body will 
increase due to decreasing upthrust. 


Area of volume expansion of an isotropic body is 
independent of size and shape of the hole/cavity 
inside it. 

For ionic solids linear expansion coefficient is about 
10 times more than that of non-ionic substances. 


Boiling point of a liquid rises with pressure while 
melting point falls with increasing pressure. 
Melting points of wax and sulphur (expand on 
melting) rise with increase in pressure. Impurities 
also increase boiling point and lower melting 
point. For example, ice + salt forms freezing 
mixture. 


Saturated vapours do not obey gas laws. However, 
they obey Dalton’s law of partial pressure. 


ea 3 3f À 
— ==] — =, where fis number of degrees 
Véound y f a 2 


of freedom and f= (3 N — I) where N is number of 
particles having I independent relations. 


KE of monoatomic gas = = RT (1 mole) 


KE of diatomic gas = > RT (1 mole) 
KE of polyatomic gas = 3 RT (one mole) 


KE = n (v_.)*; KE per unit volume 


KE p 
—=— (v_ Y p > density of the gas 
vol 2 ms 
1 
Mean free path A = donee where d — diameter 


According to the first law of thermodynamics, total 
energy is conserved, that is, the first law denies the 
possibility of creating or destroying energy. Thus 


AQ=AU+W 
dQ = dU + PdV 


Processes may be reversible, irreversible or cyclic. 
Thermal processes cannot be completely reversible. 


Thermal processes may be isochoric, isobaric, 
isothermal, adiabatic, polytropic and throttling. 


In an isochoric process, AV = 0 
W = 0, Specific heat = C, 
AQ = AU = nc, AT 


[9.8 


In an isobaric process, work done 
W = PAV =P (V, - V); specific heat = C, 
W=nkR (T, -T,) 
dQ = dU + PdV 
or nC,AT= nC AT + nRAT 
In an isothermal process. work done 


V. P 
W = nRT log. — =nRT log. , — 
V ~ Pp 


1 2 
Specific heat = œ 
In an adiabatic process, work done 
_mR(T,-T,) _ PV,- Py, 
y-1 y-l1 
Specific heat = 0 


? 


PV’ = constant, P!’T’ = constant 
and TV”! = constant 


24. In a throttling process a fluid, originally at high 
pressure, seeps through a porous wall or needle- 
like narrow opening into a region of constant lower 
pressure. Work done 


W= P.V,- PV, 

Since the process is adiabatic, therefore 

AU = U,—-U,=—~(P,V,- P,V,) 

The sum U + PV is called enthalpy. Throttling 
process plays an important role in refrigeration. 


25. The slope of an adiabatic process+is higher than 
isothermal change. 


P Compression P 


Expansion 


Isobaric 


Isothermal 


Isobaric 


(b) 
Note During expansion W svaie > Waeomerma > “adiabatic 
during comp ression VY ica > V odami > W baric 


negative work 


Positive work 


26. 


21; 


28. 


29. 


30. 


32. 


33. 
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Work done is positive if the arrow is clockwise 
and negative if the arrow is anticlockwise in a PV 
diagram as illusttrated in Figure (a) and (b). 


Second law of thermodynamics: The various 
definitions are 


(a) It is impossible to construct an engine which, 
Operating in a cycle, will produce no effect other 
than the extraction of heat from a reservoir and 
the performance of an equivalent amount of work 
(Kelvin Planck Statement) 

(b) Heat cannot flow by itself from a colder to a hotter 
body. 

(c) It is impossible to have a process in which the 
entropy of an isolated system is decreased. 

(d) It is not possible to design a refrigerator which 
works in a cyclic process and whose only result 
is to transfer heat from a colder body to a hotter 
body. (Claussius statement) 


Entropy is a measure of randomness or disorder in 
a system. 


Note that T is not a differentiable quantity. 


Thermal equilibrium: If two systems have the 
same temperature they are said to be in thermal 
equilibrium. 


Thermodynamic equilibrium is when there is 
the state of thermal, mechanical and chemical 
equilibrium. 


Mechanical equilibrium means =F = 0, Xt = 0 
(torque) 


Chemical equilibrium means the concentration of 
reactants and products remains constant. 


. Thermodynamic variables P, V, T, and so on which 


form the equation of state are called thermodynamic 
variables. 


Heat engine takes up heat from a hotter body, 
converts it partly into work and rejects rest of the 
energy to a cold body (heat sink). Efficiency of a 
heat engine (Carnot) 


Carnot suggested that even an idealied engine 
cannot have efficiency |. He considered a cyclic 
process consisting of four processes: 


(a) isothermal expansion 
(b) adiabatic expansion 
(3) isothermal compression 
(4) adiabatic compression 
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Efficiency of Carnot engine 


22; 
Q, Ti 


T, > temperature of heat sink (colder body) 


n=l 


T, > temperature of furnace or hot body 


Since T, cannot be 0 K, therefore efficiency cannot 
be 1. 


Temperature 
Pressure 


S, Entropy S, 
(a) 
34. Refrigerator or heat pump is reciprocal of heat 
engine 
Lee Oe eee 
= or = 
Q, T, Q T, 


Q, 
Q, ~ Q, 
35. In perfect refrigerator K = œ, that is Q, = Q, 


Performance coefficient K = Q = 


Area under P — V graph is work done. 


36. Molar heat capacity in a polytropic process PV“ = 
constant 


R R _ (k-y)R 


c=- —-— = 


=y-1 k-1 (k-1)(y=1) 


37. Fora van der Waals gas U = C,T- for one mole 
V 


m 


Caution 


1. Considering all gases have same specific heat. 


=> Monoatomic gases have 


3 5 
C= p R, C, = p R 
Diatomic gases have 


7 
C,= 2 R, C, = — R (no vibration) 
2 2 
Polyatomic gases have C, = 3R, C, = 4R. 
2. Considering nC,AT is change in external energy. 


=> nC AT forms change in internal energy. 


n 


11. 


12. 


— 


Considering substances only expand on heating 


Materials like silicon, germanium selenium and 
cobalt and so on have negative expansion coefficient. 
Water has negative expansion coefficient between 0 
and 4°C. 


Considering that freezing point of ice = melting 
point of ice = 0 °C 


Freezing point of ice is —4 °C. 


Considering specific heat of ice, water and steam 
are equal. 


Specific heat of ice = 0.5 calg °C"! and specific 
heat of water = 1 calg °C. Specific heat of steam 
= 0.75 cal g~! °C! 


Confusing molar specific heat and specific heat to 
be equal. 


Molar specific heat C = molar mass x specific heat 
=Mc 


Considering that specific heat is +ve and finite. 
Specific heat.can be positive, zero, infinite or 
negative 

Specific heat of saturated vapours 1s negative. 


In adiabatic process specific heat is zero and in 
isothermal process it is infinite. 


Considering that increase in length of the pendulum 
increases time period, and therefore, the clock 
becomes fast. 


As time interval increases, it will take less oscillation 
and hence it will become slow. 


Considering that boiling point and freezing point of 
water are standard. 


Melting point and boiling point vary with pressure 
and impurities. 


. Confusing the values of R and k. 


R = 8.314 JK" mol! 
R=2cal 
R 


————— I -23 TK -1 
ia Avogadro number A a 


Confusing SI and CGS units. 


It is advised to do questions on calorimetry in CGS 
as calculations become simple. If the final answer 
is in Joules, then convert calories into Joules by 
multiplying the result by 4.2. 


Not understanding the difference between C, and 
C 


Specific heat at constant volume C, forms internal 
energy 


AU = nC, AT 


y’ 


13. 


14. 


15. 


16. 


17, 


When volume is constant, work done 
W=PdV=0 ~. dQ = dU 

When C, is being used dQ = nC, AT and work done 
W = PdV = nRdT and dQ = dU + PdV 


Not understanding whether work is positive or 
negative. 


When there is expansion of the gas or when the 
piston moves in the forward direction then work 
is positive. When there is compression or when 
the piston moves in a backward direction, work 
done is negative. Alternatively, if the arrow 
is clockwise, work done by the gas is positive 
(+ve). If the arrow is anticlockwise, work is 
done on the gas, and is negative (—ve) in a 
PV diagram. 


Not remembering the three relations of adiabatic 
process. 


In an adiabatic process 

(a) PV' = constant or P, V” = P, V? 

(b) PT = constant or P''T” = PT? 

(c) TV™' = constant or T, V7 = T, V7” 

Confusing when to take the process as adiabatic if 
not mentioned directly in the problem. 


When the change is sudden or abrupt, the process 
is adiabatic. 


Confusing between adiabatic and isothermal 
expansion or compression. 


In isothermal expansion or compression the 
slope is not large while in adiabatic expansion or 
compression the slope is large (see Figure). 


Note: during expansion W- seare > Wa. emma > Wadiabatic 
during oe fesstul Paty > W aikani A W isobaric 
Expansion P Compression 


Isobaric 


(a) 
Note: During expansion more work is done by an 
isothermal process and during compression more 
work is done on an adiabatic process. 


Not remembering the work done in various 
processes. 


=> 


18. 


19, 


20. 


2L 
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Work done in isochoric process, W saone = 0 
W oac = P AV = P (V, - V) = nR(AT) 
= nk(T, - T,) 
V 
W omena = 2-303 nRT log,, vV 
1 
P 
= 2.303 nRT log,, Pp 
2 


PV, - PV, _ "R(T, -T,) 
y=l yl 


adiabatic 


Considering that efficiency of an engine can be 1 
(ideally or theoretically). 


Efficiency of an engine cannot be |. It is always 
<1. 


T. 


According to Carnot’s theorem y = 1 — a 
1 


y > 1ifT, > 0. As 0 K or absolute 0 cannot be 
achieved, therefore, 7 + 1. 


Considering that total heat energy can be converted 
into mechanical work just like mechanical 
work which can be completely converted 
to heat. 


Mechanical work can be converted to heat. But 
the whole of the heat cannot be converted into 
work. 


Considering all engines give efficiency like Carnot 
engine. 


Carnot is a theoretical idealised engine. Practically 
heat engines give efficiency much less than that 
given by Carnot engine. 


Confusing between first law and second law of 
thermodynamics. 


The first law is based on conservation of energy. 
The second law states that no heat can flow by itself 
from a cold body to a hot body. 


. Not recalling a polytropic process. 


In a polytropic process PV* = constant and k is 
different from y. Molar specific heat in polytropic 
R 
rocessis C = ——-—-——\ However, C,, = —— 
an y-l k- ~ tt 
Thinking that temperature may be taken in °C. 


Use temperature in Kelvin (K) 
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PRACTICE EXERCISE 1 
(SOLVED) 


The pressure of a gas in a container is 10"! pascal at 
27° C. The number of molecules per unit volume of 
vessel will be 

(a) 6x 10% cm? 
(c) 2.5 x 10° cm-3 


(b) 2.68 x 10? cm> 
(d) 2400 cm? 


One mol of a gas at NTP is suddenly expanded to three 
times its initial volume. If C, = 2R, the ratio of initial 
to final pressure of gas will be 

(a) 5 (b) 4 

(c) 3 (d) 2 


If the critical temperature of a gas is 100 K then its 
Boyle temperature will be 
(a) 33.3K 
(c) 337K 


(b) 103K 
(d) 500 K 


In outer space there are 10 molecules per cm? on an 
average and the temperature there is 3 K. The average 
pressure of this light gas is 
(a) 10°Nm~ 

(c) 0.4 x 10! Nm? 


(b) 5x 10-4Nm2 
(d) 4.14 x 107°Nm” 


The velocities of three molecules A, B and C of a gas 
are 1, J3 and J5 ms™!. The value of their rms velocity 
will be 

(a) 1.73 ms"! 
(c) 4 ms” 


(b) 2 ms"! 
(d) 9 ms” 


When a gas filled in a closed vessel is heated through 
1° C, its pressure increases by 0.4%. The initial 
temperature of the gas was 
(a) 25°C 
(c) 250K 


(b) 250°C 
(d)..2500 K 


The specific heat of a monoatomic gas at constant 
volume is 0.075 kcal kg"'K™. Its atomic weight will be 
(a) 10 (b) 30 
(c) 40 (d) 90 


The diameter of oxygen molecules is 2.94 x 10 m. 
The van der Waals gas constant in m*/mol will be 

(a) 3.2 (b) 32 

(c) 32x 10° (d) 32x 10° 


The specific heat at constant volume of mixture of N, 
and He (N, : He :: 3 : 2) will be 

(a) 17R (b) 15R 

(c) 19R (d) 2.1R 


An astronaut carries with him a cylinder of capacity 
10 litre filled with nitrogen gas at temperature 27° C 
and pressure 50 atmosphere. He makes a hole of area 
1 cm? in it. In how much time will it be emptied? 

(a) 575s (b) 1.312 s 

(c) 0.513 s (d) 0.387 s 
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11 g of carbondioxide is heated at constant pressure 
from 27° C to 227° C. The amount of heat transferred 
to carbondioxide will be 
(a) 2200 calorie 

(c) 220 calorie 


(b) 350 calorie 
(d) 110 calorie 


For a thermodynamic process 5Q = —50 calorie and 
W = -20 calorie. If the initial internal energy is — 30 
calorie then, final internal energy will be 

(a) — 100 calorie (b) —60 calorie 

(c) 100 calorie (d) 191.20 calorie 


The isothermal bulk modulus of elasticity of a gas is 
1.5 x 10° Nm”. Its adiabatic bulk modulus of elasticity 
will be (if y = 1.4) 
(a) 3x 105 Nm? 
(c) 1.5 x 10°Nm? 


(b) 2.1 x 10°Nm 
(d) œ 


When the temperature of a gas in a vessel is increased 
by 1° C then its-pressure is increased by 0.5%. The 
initial temperature is 
(a) 100 K 
(c)273K 


(b) 200 K 
(d) 300 K 


The internal energy of air in a room of volume 50 m? 
at atmospheric pressure will be 

(a) 2.5 x 10” erg (b) 2.5 x 107 Joule 

(c) 5.25 x 107 Joule (d) 1.25 x 107 Joule 


The volume of a gas is reduced to 1/4 of its initial 
volume adiabatically at 27° C. The final temperature 
of the gas (if y = 1.4) will be 

(a) 27x (44K (b) 300 x (1/4)°* K 

(c) 100 x(4)*K (d) 300 x (4)4 K 


1 m° of a gas is compressed suddenly at atmospheric 
pressure and temperature 27° C such that its temperature 
becomes 627° C. The final pressure of the gas af y = 
1.5) will be 

(a) 2.7 x 10°Nm~ 
(c) 27x 105 Nm? 


(b) 7.2 x 105 Nm% 
(d) 27 x 106 Nm% 


The efficiency of the heat engine working between 
327° C and 27° C is to be increased by 10%. The 
temperature of the source should be increased by 

(a) 52° C (b) 67° C 

(c) 37° C (d) 77° C 


A Carnot engine, whose source is at 400 K, takes 200 
cal of heat and reflects 150 cal to the sink. What is 
temperature of the sink? 
(a) 300 K 
(c) 800 K 


(b) 400 K 
(d) none of these 


A gas at pressure 6 x 10° Nm~ and volume 1 m° expands 
to 3 m° and its pressure falls to 4 x 10° Nm”. Given 


9.12 


2i, 
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23. 


24. 


25. 


26. 


that the indicator diagram is a straight line, the work 
done on the system is 
(a) 12x 10°J 

(c) 4x 10°J 


(b) 6x 10°J 
(d) 3x 10°J 


A gas is enclosed in a vessel of volume 1000 cc at a 
pressure of 72.6 cm of Hg. It is being evacuated with 
the help of a piston pump, which expels 10% gas in 
each stroke. The pressure after the second stroke will 
be nearest to 
(a) 60cm 

(c) 66cm 


(b) 55cm 
(d) 50cm 


In the following V — T diagram, what is the relation 
between P, and P,? 


(a) P,=P, 
(c) P,<P, 


(b) P,>P, 
(d) cannot be predicted 


If 1 g of water at 40° C is converted to steam at 
100° C, the change in entropy is 


(a) 2.303 log BLE cal °C"! 
313 

600 

373 


(c) on cal °C! 
313 


(b) cal °C! 


540 
—_ + 
373 


log i caRgC! 
313 


(d) 
If the value of R = 2/5 C, for a gas, then the atomicity 
of the gas will be 
(a) monoatomic 
(c) polyatomic 


(b) diatomic 
(d) any of these 


A hail at 0° C falls from a height of 1 km on an insulated 
surface and its whole kinetic energy is converted into 
heat. What fraction of it will melt? 

(a) 1/33 x 10% (b) 1/33 

(c) 1/8 (d) whole of it will melt 


Two liquids A and B are at 32°C and 24°C. When 
mixed in equal masses the temperature of the mixture 
is found to be 28°C. Their specific heats are in the 
ratio of 

(a) 3:2 
(c) 1:1 


(b) 2:3 
(d) 4:3 


Heat and Thermodynamics | 


27. A block of ice at—10°C is slowly heated and converted 


28. 


2I. 


to steam at 100°C. Which of the following curves 
represents the phenomenon qualitatively? 


S 
Temperature 


Heat supplied 


Temperature 


(b) 
Heat supplied 


Temperature 


(c) - 
Heat supplied 


Tem perature 


(d) . 
Heat supplied 


During the melting of ice at 273 K and atmospheric 

pressure 

(a) positive work is done by ice water system on the 
atmosphere 

(b) positive work is done on ice water system by the 
atmosphere 

(c) no work is done 

(d) the internal energy of the ice water system 
decreases 


A block of ice of mass m = 10 kg is moved back and 
forth over the flat horizontal surface of a large block of 
ice. Both blocks are at 0°C and the force that produces 
the back-and -forth motion acts only horizontally. 
The coefficient of friction between the two surfaces 
is 0.060. If 15.2 g of water is produced, the total 
distance traveled by the upper block relative to the 
lower is 


(L.. = 3.34 x 105 J/kg) 


(a) 432 m 
(c) 368 m 


(b) 863 m 
(d) 216 m 
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33. 


34. 


35. 


36. 


37. 


38. 


If two rods of length L and 2L, having coefficients of 
linear expansion a and 2 a respectively are connected 
end-on-end, the average coefficient of linear expansion 
of the composite rod, equals 


(a) 3 (b) a 


5 
(c) 37 (d) none of these 
If I is the moment of inertia of a solid body the change 
in I corresponding to a small change in temperature 
AT is 


(a) a IAT b) + 


—al AT 
2 


(c) 2aIAT (d) 3æ IAT 


The coefficients of linear expansion of steel and brass 
are 11 x 10%/°C and 19 x 10° /°C respectively. If 
difference between lengths of rods of these materials 
at all temperatures, remains constant at 30 cm, their 
lengths at 0°C should be respectively. 

(a) 71.25 cm and 41.25 cm 

(b) 82 cm and 52 cm 

(c) 92 cm and 62 cm 

(d) 62.25 cm and 32.25 cm 


A faulty thermometer has its fixed points marked as 
—5 and 95. If the temperature of a body as shown in 
Celsium scale is 55°, then its temperature shown on 
this faulty thermometer is 

(a) 50 (b) 55 

(c) 60 (d) 65 


A constant volume thermometer reads 50 cm of Hg at 
0°C and 90 cm of Hg at 100°C. The temperature of the 
both in which it reads 70 cm of Hg is 
(a) 60°C (b) 45°C 
(c) 55°C (d) 50°C 


A faulty thermometer has its fixed points marked as 
—5 and 95. If the temperature of a body as shown in 
Celsium scale is 55°, then its temperature shown on 
this faulty thermometer is 

(a) 50 (b) 55 

(c) 60 (d) 65 


Two liquids A and B are at 32°C and 24°C. When mixed 
in equal masses the temperature of the mixture is found 
to be 28°C. Their specific heats are in the ratio of 

(a) 3:2 (b) 2:3 

(c) 1:1 (d) 4:3 


Two rods of length L, and L, are made of materials 
whose coefficient of linear expansion are a, and a,. If 
the difference between the two lengths is independent 
of temperature, then 
(a) (L/L) = (a /a,) 


(c) Da = La, 


(b) (L,/L,) = (a/a) 
(d) æ L, 7 aL, 


A rod of length |, is kept on a frictionless surface. The 
coefficient of linear expansion for the material of the 
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rod is a. If temperature of the rod is increased by AT 
the strain developed in the rod will be 

(a) aAT (b) la AT 

(c) zero (d) (1+aAT) 


100 gm of ice at 0°C is mixed with 100 gm of water 
at 80°C latent heat fusion is 540 cal/gram and specific 
heat of water is | cal/gm —C°. The final temperature of 
mixture is 
(a) 0°C 

(c) 20°C 


(b) 40°C 
(d) 10°C 


One gram of ice at 0°C us added to 5 gram of 
water at 10°C. If the latent heat is 80 cal, the final 
temperature of the mixture is [S, = 1 cal/gm—°C Li = 
80 cal/gm] 
(a) 5°C 

(c) -5°C 


(b) 0°C 
(d) none of these 


A pendulum clock has an iron pendulum 1 m long 
(a,,, = 10°/°C). If the temperature rises by 10°C, 
the clock 

(a) will lose 8 seconds per day 

(b) will lose 4 seconds per day 

(c) will gain 8 seconds per day 


(d) will gain 4 seconds per day. 


The change in temperature of a body is 50°C, then the 
change in temperature on Kelvin scale is 

(a) 70K (b) 30K 

(c) 50K (d) 323K 


A block of ice at—10°C is slowly heated and converted 
to steam at 100°C. Which of the following curve 
represents the phenomenon qualitatively? 


y yY 

a RN 

T T 
FO Gg 


Heat supplied Heat supplied 

¥ ¥ 

T T 
(©) van x (0) We >x 
Heat supplied Heat supplied 


A substance of mass m kg requires is power input of 
P watts to remain in the molten state at its melting point. 
When the power is turned off, the sample completely 
solidifies in time t second. What 1s the latent heat of 
fusion of the substance? 


P 
t m 
G- (a) = 


Pt 
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On heating a liquid of coefficient of cubical expansions 
yin a container having coefficient of linear expansion 
(y/3) the level of the liquid in the container will 

(a) rise (b) fall 

(c) remain unchange (d) itis difficult to say 


The molar specific heats of an ideal gas at constant 
pressure and volume are denoted by C, and C, 


C 
respectively. Further, = =y and Ris the gas constant 


for 1 gm mole of a gas. Then C, is equal to 


(a) R (b) yR 
R yR 
Char ad) 


If one mole of a monoatomic gas y = 5/3 is mixed with 
one mole of a diatomic gas y = 7/5, what is the value 
of y for the mixture? 
(a) 1.5 

(c) 1.60 


One mole of an ideal gas (C/C, = y) at absolute 
temperature T, is adiabatically compressed from an 
initial pressure P to a final pressure P,. The resulting 
temperature T, of the gas is given by 


oral ole 
P P 


of] olg 
F F 


If a gas has f degrees of freedom, the ratio C/C, of the 
gas is 


(b) 1.53 
(d) 1.52 


y-l 


w = o) 1% 
2 2 
(c) S+S @) 145 


A mixture of n, moles of monoatomic gas and n, moles 
of diatomic gas has y= 1.5, then 

(a) n, =n, (b) 2n, =n, 

(c) n =2n, (d) 3n, = 2n, 


Which of the following graphs correctly represents 
dV 


the variation £ = with P for an ideal gat at 


DY 


constant temperature 
P 

(a) RS P (b) 
P 

(c) C P (d) 


32: 


53. 


54. 


55. 
56. 


57. 


58. 


B 
P 

B 

ae 59. 
P 
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During an experiment, an ideal gas is found to obey 
the equation P’V = constant. The gas is initially at 
temperature T and volume V. When it expands to a 
volume 2V, the temperature becomes 


(a) Jor 0) = 
(c) 3T (d) 2T 


P 0.33 
V=k (=) where k is constant, It is a, 
T 


(a) isothermal process 
(c) isochoric process 


(b) adiabatic process 
(d) isobaric process 


P-V plots for two gases during adiabetic process 
are shown in figure. Plot | and 2 should correspond 
respectively to 
(a) He and O, 
(c) He and Ar 


(b) O, and He 
(d) O, and N, 


The molar heat capacity in a process of a diatomic gas 
if it does a work of when a heat of Q is supplied to 
it is 


(a) ZR b) ÈR 
5 2 

A R d) 2R 
3 7 


A given quantity of an ideal gas is at pressure P and 
absolute temperature T. The isothermal bulk modulus 


of gas is 

2 

—P 
(a) 3 (b) P 
(©) +P (d) 2P 


An ideal gas expands in such a way that its pressure 
and volume comply with the condition: PV’ = constant. 
During this process, the gas is 

(a) heated 

(b) cooled 

(c) first heated then cooled 

(d) infinite 


The heat energy absorbed by a system in going through 
a cyclic process shown in figure 1s 


v 
= 
= 
10 30 
pressure (Apa) 
(a) 10° xJ (b) 10? xJ 
(c) 104 xJ (d) 10’ xJ 


An ideal gas has adiabatic exponent y. In some process 
its molar heat capacity varies as C = a/T, where a isa 
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60. 


61. 


62. 


63. 


constant. Work performed by one mole of gas during 
its heating from T, to nT, will be 
(a) alogn (b) alogn—(n-1)RT, 


(c) alogn— = - RT, (d) None of these 


For an ideal gas, which of the following is not true? 

(a) the change in internal energy in aconstant pressure 
process from temperature T, to T,is equal to nC, 
(T, — T,), where C, is the molar specific heat 
at constant volume and n the number of moles 
of the gas. 

(b) the change in internal energy of the gas and the 
work done by the gas are equal in magnitude in 
an adiabatic process 

(c) the internal energy does not change in an isothermal 
process. 


(d) no heat is added or removed in a adiabatic process. 


An ideal gas is taken through the cycle A > BOC 
— A as shown in figure. If the net heat supplied to the 
gas in the cycle is 5J, the work done by the gas in the 
process C > A is 


a] 
= 
N A p 
—> 10 P(N/m’) 
(a) -5J (b) -10J 
(c) -15J (d) —20J 


In the pressure (P) volume (V) diagram shown in figure 
ABC is a semicircle. The work done in the process 
ABC is 


P (atm) 


V(litre) 


(a) A atm-litre (b) — > atm-litre 


(c) 4 atm-litre (d) zero 


If n moles of a gas expands from volume V, to V, at 
constant temperature T. The work done by the gas is 


V, V, 


l 
V 
(c) nRT In 2) (d) None of these 
2 


9.15 


64. A thermodynamic system undergoes cyclic process 
ABCDA as shown in figure. The work done by the 
system is 


P 
3 P, oeoeosoeosoacsosos 


(a) PV, 
PV 
(c) 0 0 


(b) 2P V, 
(d) zero 


65. A gas expands under constant pressure P from volume 
V to V,. The work done by the gas is 
(a) P(V,- V) (b) P(V, - V,) 


PV, 
(c) POVI -VY) (d) ——= 
66. Pressure versus temperature graph of an ideal gas as 


shownun figure. Density of the gas at point A is p,. 
Density at B will be 


P 


3 3 
= b) = 
(a) Po (b) 5 Po 

4 
(c) 3 Po (d) 2p, 


67. If n moles of an ideal gas undergo a process 1-2 as 
shown in figure. Maximum temperature of gas during 
the process is 


Po 
O 
3B, 
o TR ‘= 
6PV, OPV, 
c) —— d 
(c) a (d) on 
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68. 


69. 


70. 


71. 


a2 


The average degree of freedom per molecule for 
a gas is 6. The gas performs 25 J of work when it 
expands at constant pressure. The heat absorbed by 
the gas is 
(a) 75J 

(c) 150 J 


(b) 100 J 
(d) 125] 


An ideal gas has adiabatic exponent y. In some process, 
its molar heat capacity varies as C = a/T, where ais a 
constant. Work performed by one mole of gas during 
its heating from T, to nT, will be 


(a) alogn 
(b) alogn—-(n-1) RT, 
-1 
(c) alog n- u ) RT, 
(y=) 
(d) None of these 


Change in internal energy of an ideal gas is given by 
AU =n CAT. This is applicable for (C, = molar heat 
capacity at constant volume) 

(a) isochoric process only 

(b) all processes 

(c) aprocess where AT is positive 

(d) all the processes except isothermal process 


A system is taken from state A to state B along two 
different paths 1 and 2. The heat absorbed and work 
done by the system along these two paths are Q, and 
Q, and W, and W, respectively. 

(a) Q,=Q, 

(b) W,=W, 

(c) O0.+W,=90,+W, 

(d) None of these 


An ideal gas expands in such a way that its pressure 
and volume comply with the condition: PV” = constant. 
During this process, the gas is 

(a) heated 

(b) cooled 


Answers to Practice Exercise 1 


(d) 2. (a) 3. (c) 4. 
(c) 9. (d) 10. (d) 11. 
(d) 16. (d) 17. (c) 18. 
(c) 23. (d) 24. (b) 25. 
(b) 30. (c) 31. (c) 32. 
(c) 37. (b) 38. (c) 39. 
(a) 44. (b) 45. (c) 46. 
(a) 51. (a) 52. (a) 53. 
(a) 58. (b) 59. (c) 60. 
(b) 65. (a) 66. (b) 67. 
(d) 72. (a) 73. (b) 74. 


13. 


74. 


T3. 
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(c) first heated then cooled 
(d) none of these 


The heat energy absorbed by a system in going through 
a cyclic process shown in figure 1s 


p: 

v 

z 

= 

© 

> 

Pressure(kpa) 

(a) 10° xJ (b) 107 xJ 
(c) 104 xJ (d) 10’ xJ 


An ideal monoatomic gas is taken around the cycle 
ABCDA as shown in the P-V diagram. The work done 
during the cycles given by 


P 


eV  2P,2V 


(a) PV 
(c) 2 PV 


(b) PV 
(d) 4PV 


If the ratio C, /C, = y, the change in internal energy of 
the mass of a gas, when the volume changes from V to 
2V at constant pressure P is 


(a) (b) PV 
y-1) 
PV yPV 
OIE (d) 7R 
(7-1) (7-1) 
5: (a) 6. (c) 7. (c) 
12. (b) 13. (b) 14. (b) 
19. (a) 20. (c) 21. (a) 
26. (c) 27. (a) 28. (b) 
33. (a) 34. (d) 35. (a) 
40. (b) 41. (b) 42. (c) 
47. (a) 48. (b) 49. (d) 
54. (b) 55. (a) 56. (b) 
61. (a) 62. (b) 63. (d) 
68. (b) 69. (c) 70. (b) 
79. (c) 
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EXPLANATIONS 
l. (d) 10° Pa = 6.023 x 107 l l 
10-"! Pa = 6.023 x 107 le Bas aa 
a = 6.023 x 44 4 
7 
eee a AQ = ne, AT = T Rx 200 = 350 cal. 
6.02310" ine 4 2 
= "92400 12. (b) AQ = AU + Wor AU = -50 + 20 = -30 cal 
PA (a) P V? = P, V? U,= u, + Au = —30 - 30 = —60 cal. 
n) a 13. (b) P aa =YP = 1.4 (1.5 x 10°) = 2.1 x 10% Nm”. 
1 
P =P|3 |=1|> 
27 “1A, 3) m oe ee gh Se 
P T 100 T 100 
p, = 3N3 55.1 15. (d)U > ART = 2x 8.3 x 273 
2 A = — = — xX — 7 X0.3X 
2 T 9" 22 0? 
8 
T=—T = 1.25 x 107 J. 
OORT a" 16. (d) Ty’ =T y2 = 300 (4)°4 K 
100 x 27 . (d T V7 =T, Vz" or T, = 300 (4) K. 
or T,= 3 = 337 K 
17. (c) PT? S PT? 
nKT 10x1.38x10” x3 EA 
4. (d) P= ~ T, \!-7 
or P,=P, = 10°(3)°. 
=4.14x 10° Nm”. 2 
2 2 300 300 
1° +(V3) +(V5 18... (b) yn =1- —. = 0.55 = 1- — or T= —. 
5. (a)V_ = P+(v3) +(V5) (N= I aoo Mew T° 045 
rms 3 
D pa i 19. a) Q- -1 2 50 1, 
6. © =~ or T= = 77 = 250K ! 1 200 400 
P T Do = or T,=300K. 
P 10 
20. (c)W=(P,-P,) (V,-V,)=2x 10°x2 
3/2x2 =4 x 10°) 
7. = 40. 
) gos 74 
d?’ 
8 (OTEN S A 


_ 4x6.02x 10” x 3.14 2.943 x10” 


3x8 
= 32 x 10°. 
3x5/2R4+2x3/2R 21 
9; (REL. 
3+2 5x2 
d 2V 21. (a) PV, = P,V, P, = 72.6 (.81) as volume after two 
10. (d) t= —=— strokes will be 810 cc. 
Vins AMVs 
ov 22. (c) Conclude using 141 = £242 
E i T, 
A [3RT 
= 23. (a S= 22 aseme dT mL 
2x107 T T T 


= =T 373 
dT 540 
107 3x 8.3 x 300 =1x1 — + —, 
28x 107 LT 373 
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24. (b) C,= - R -. the gas is diatomic. 
m' gh 980 x10° 1 
25: (= == sn 
m JL 42x10 x80 33 
26. (c)ms,x4=ms,x4>5,:8,=1:1 
27. (a) 
28. (b) Melting of ice involves decrease in volume 
15.2 5 
29. (b) Q, =——x3.3x10° =0.06x10x10xS => 
1000 
S = 863m 
30. (c) L, =L(1+aT)+2L(1+2aT)= sr(1+Žar 
3 
nR 2 
eff 3 
31. (c) 
32. (a)l, =lo, (1 +a, 47) 
l, = lo, (1 +a, AT) 
lL —4,= 0,,— lo, + lo,, AT- lo, a, AT 
30 = 30 + lo, a, AT- lo, a, AT 
COTR TE 
lo, a, 11 
19 
a —lo, = 30 
0, = aloha cm = 41.25 cm 
lo „= 71.25 cm 
X —(-5 — 
33, (a) X05) 55-0 yaso 
95-(-5) 100-0 
34. (d) 
35. (a) 
36. (c)ms x4=ms,x4>s :s,=1:1 
37. (b) AL =AL, 
| a: 
L aA@ = L,a,Aé@ or L, a, 
38. (c) 
39. (a) 
40. (b)Q,=5x 1x 10=50 cal 
Q, = 1 x 80 = 80 cal 
Q, < Q, and final temperature = 0°C 
41. (b) Loss in time/day 


= 5x10" x10x86400 = 4.3 s 


42. 
43. 
44. 


45. 


46. 


47. 


48. 
49. 


50. 


51. 


D2. 


53; 


54. 
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(c) 
(a) 
(a) Heat lost in t second = mL 
or heat lost per second = = 


This must be the heat supplied for keeping the 
substance in molten state per second. 
mL Pt 


—=P orL= — 
í m 


(c) 
R 
(c) C, -C,=R yC- OER.. C= pai 


l 
Cp 
a ’ C, o 


For MA gas; C, = = 


5R 
For DA gas, C, = = 


~ 
B, 
Pad 
II 
| 


p 3R 
=— = l5 
C, average2R 2R 
(b) 
(d) 
5 7 
(a) (dQ), = (n +n,)C,dT = n, RAT + ny. RAT 


(dQ) =(n,+n,)C,aT = m= RAT + my > RAT 
(5n,R+7n,R)dT 


se on tin, 
(3n,R+5n,R)dT n 


ea 3n, + 5n, 


ad 
Cy 
n =n, 


(a) oe. so or a Vs p is rectangular 
p 


hyperbola 


(a) P°V = constant = T? V" so if volume is double 
temperature will be /2T 


3 


P T 


(c) V? œ — 
T 


(b) In an adiabetic process, 
Slope of PV graph œ- y 
V2 > 7, 


fe Vye =1.07 and 75, =1.4) 


Here slope, > slope, ~. = Vie To, 
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55. 


56. 


57. 


58. 


59. 


60. 
61. 


62. 


63. 


64. 


65. 


(a) AU =Q-W =3Q/4 
UC AT =3Q/4 
uCAT =Q 

3 4 R _10 


Cy 
Dividing (i) and (ii) —=—,C = = 
g 0) uy) C 4 37/5 3 


(b) Here PV = constant .. PdV =—-V dP. 


. dP P 
1.€., — = -— 
dV V 
_ -dP -2y (z |=? 
Bulk Modulus K aviv. dv V 


(a) Given that equation of gas expansion, PV = constant 


for a equation PV* = K 
nR (y — x) 


(y-1)(1-x) 


,y <2, y>1 = is positive 


AQ = 


(b) Heat absorbed = work done = area of loop 


= zr’ = z (30-20) =10°7] 
"l y 
C = | —dT = In 
(c) Q E alnn 
R 
AU =C,Iy(n—-1)=—_T (n-1), 
y 
R 
W =Q-AU =alnn- 


(a) AU =nC AT=nC, (T,-T) 


(a) For cyclic process, Q yai” Vinge At pe, 


Here W, = 10 (2-1) =10J 
Wc = 0 
SJ=10J+0+ Wor W.,=—-SJ 


(b) Area = ON = Sam- litre 


isothermal 


V, 
(d) W. = { pav =nrr | ® = nRT In 2 
y V V, 


HRT 
b) P=—— 
(b) 7 


Here u = number of moles of the gas 


V V 


a = number of molecules per unit volume 
P = nkT 


V, 
(a) Work done = f PdV =P(V,- V) 


Vi 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


IDs 


74. 


75. 


rr), r lr), (a) 
PRT TT), 7 Mr), lar 
3 3 
Pp gPa 5 Po 
(b) Equation of process 1 — 2 is 
h 
PaE 
P.V. dT 
a ——— 0 S Ve 2V,.P=2P 
n.R dV 0 ý 
_ 4PX, 
max nR 
(b) igs 
—s, GS 
AW AQ-AU Qe e. d 
AQ AQ nC AT 4 4 


AQ = 4AW =1003 


(c) g=] FdT =a Inn 


To 


AV ECT (n-1)=- T, (7-1) 
RT, 
W =Q-AV =alnn- 


(b) 
(d) Ineternal energy is a state function so, 
Q, 7 W, = Q, = W, 
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(a) Given that equation of gas expansion, PV = constant 


for a equation PV* < K 
nR ( y= x) 
(x-1)(1-x) 
(b) Heat absorbed = work done = area of loop 


= 7AP AV = 7 (10x 10°)(10x10°) =10°7J 


AQ = 


(b) Work done = area enclosed by P-V graph 


,¥y <2, y >1 = AQ is positive 


= area of ABCD = AB x BC = (2P — P) x (2V—V) = PV 


(c) AU =nC,dT 


C R 
`P =1+— 
V Cy 


We know that C, —C, =R or 


but , oa y which gives C, = 


C, (7-1) 


We have, AU =nx 


A 


y -1) nR 


l. 


PRACTICE EXERCISE 2 
(SOLVED) 


A vessel contains 1 mole of O, (molar mass 32 g) 
at a temperature T. The pressure is P. An identical 
vessel containing | mole of He gas (molar mass 4) at 
a temperature 2T has a pressure 


(a) P (b) = 
(c) 2P (d) 8P 


Solution (c) PV=nRT 


Cp 
Solution (c) C =y 


J: 


P, = 2P as temperature of He is doubled. 


70 calorie of heat is required to raise the temperature 
of a diatomic gas at constant pressure from 30 to 35°C. 
The amount of heat required (in calorie) to raise the 
temperature of the same gas through the same range 
(30 to 35°C) at constant volume is 
(a) 30 (b) 60 
(c) 50 (d) 70 


1.4 


(A0), _nCAT c, 


(AQ), nC,AT= c,=!4 
A 
(AQ), = l = 50 cal 


A vessel contains 1 mole of O, and mole of He. The 
value of y for the mixture is 


(a) 1.4 (b) 1.50 
(c) 1.53 (d) none of these 
A Re 
Solution (b) C,,,. = Qa =2R 
Comix = 2R + R= 3R 
Vai = 2i = 5 
C 2 


Steam at 100°C is passed into a calorimeter of water 
equivalent 10 g containing 94 cc of H,O and 10 g of ice 
at 0° C. The temperature of the calorimeter and contents 
rise by 5° C. The amount of steam passed is 

(a) 1g (b) 2g 

(c) 3g (d) 4g 


Solution (b) Let m, be the amount of steam in grams. 


Then m L + m C, (100-5) 

= W_, (5-0) + 10 x 80 + (104) (5-0) 
m, (540) + m, (95) = 10 (5) + 800 + 420 
635 m = 1270 or m, = 2g. 


3; 


Heat and Thermodynamics | 


10 g of ice is added in 40 g of water at 15°C. The 
temperature of the mixture is 

(a) 0 (b) 3°C 

(c) 12°C (d) 8°C 


Solution (a) Heat required to melt the ice = mL 


= 10 x 80 = 800 cal. 


Maximum heat which can be supplied by hot water = 
mCAT = 40 x 1 x 15 = 600 cal 


As heat supplied < heat required to melt ice, 
temperature of the mixture will be 0° C 


(as whole of the ice will not melt). 
A and B are made up of an isotropic medium. Both A 
and B are of equal volume. Body B has cavity as 


shown in the Figure. Which of the following statements 
is true? 


(a) 


(a) Expansion in volume of A > expansion in B 
(b) Expansion in volume of B > expansion in A 
(c) Expansion in A = expansion in B 

(d) None of these 


Solution (c) Thermal expansion of isotropic bodies 
is independent of shape, size and availability of 
hole/cavity. 


7. 


If an annular disc of radii t and r, is heated, then 


Ay 


(a) r increases, r, decreases 

(b) r, increases, r, decreases 

(c) both r, and r, increase 

(d) r, increases, r, remains unchanged. 


Solution (c) The hole also expands. 


8. An isotropic solid has linear expansion (coefficient of 


a, a, and a_ for three rectangular axes in a solid. The 
coefficient of cubical expansion 1s 
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a 
(a) aaa (b) x 
x yọ Z 
i a, +a, 


2 2 2 
(c) a + a +a, (d) æa, ta, ta, 


Solution (© VD =V +y) aa (1) 
V(T) =L(1 +a AT)L(1 +a AT) x L(1+aAT) 
= LxLyL(1 +a AT + a AT FQGAT) sp (2) 


Neglecting square and higher power terms of a, a , a, 
or aa,..., and aAA.. 

Comparing (1) and (2) we get 

y=a tata. 

9. Three rods of equal length / are joined to form an 
equilateral AABC. O is the midpoint of BC. Distance 
OA remains same for small change in temperature. If 
the coefficient of linear expansion for AB and AC is a, 
and for BC is a, then 
(a) a, = 3a, 

(c) a, = 3a, 


(b) a,=4a, 
(d) a, =4a, 


yy 
Solution (d) AO? = AB? - BO? = P — ) 


A 
B Ó C 
l Ly _ pa ATY A ATY 
-[5] =Pa+aarr-[5] Q+aAD 
i 


P -— a P(1 + 2a, AT) — (1 —2a,AT) 
(Apply binomial theorem) 

or a,AT-AT=0 

or a =4a, 


10. Which of the substances A, B or C has the highest 
specific heat? The temperature vs time graph is shown. 


T(K) 


Temperature 


(a) A 
(b) B 
(c) C 
(d) All have equal specific heat 
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Solution (c) Substances having more specific heat take 
longer time to get heated to a higher temperature and longer 
time to get cooled. 


11. A thin wire of length when heated to a certain 
temperature increases its length by 1%. A sheet of 
the same material of area 2/ x lis heated to the same 
temperature. The percentage increase in area will be 
(a) 3% (b) 2.5% 

(c) 2% (d) 1.5% 


Solution (c) Because £ = 2a. 


12. 10” molecules of a gas strike a target of area 1 m? at 
angle 45° to normal and rebound elastically with speed 
1 kms"!. The impulse normal to wall per molecule is 
(a) 4.7 x 10kg ms! (b) 7.4 x 10 kg ms"! 
(c) 3.32 x 107kg ms”! (d) 2.33 kg ms! 
Given: mass of a molecule = 3.32 x 107 kg 


Solution (a) Change in momentum = 2 mv cos 45 


l 
= 2 x 3.32 x 107 x 10? x va 
= 4.7 x 10 kg ms". 


13. A cylinder has an alloy piston at a temperature of 
20° C. There is all round clearance of 0.5 mm between 
piston and cylinder wall when the internal diameter of 
the cylinder is exactly 10 cm. The temperature at which 
it will exactly fit into the cylinder 1s 
(a) 220°C (b) 250°C 
(c) 270°C (d) 290°C 
Given: expansion coefficient of alloy is 1.6 x 10°/°C 

and expansion coefficient of cylinder is 1.2 x 10°/°C. 


Solution (b) Total clearance = 0.05 mm x 2 = 0.1 mm 


d(a,—a,) AT=0.1 mm = 0.01 cm 
10 (0.4 x 10°) AT = 0.01 or AT = 250 
or T=250 +20 = 270°C 
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14. The temperature of an ideal gas is increased from 120 K 
to 480 K. If at 120 K the rms velocity of the gas 
molecules is v, at 480 K it becomes 


(a) 4v (b) 2v 
Vv V 
c) — d) — 
(c) > oF 
[IIT 1996] 
3RT 
v T 
Solution (b) +- = |2 v, =2 
V3 3RT, d, 
M 


15. The average energy and the rms speed of molecules 
in a sample of oxygen gas at 300 K are 6.21 x 10°?! J 
and 484 ms" respectively. The corresponding values of 
600 K are nearly 
(a) 12.42 x 10! J, 968 ms"! 

(b) 8.78 x 107! J, 684 ms“! 
(c) 6.21 x 107! J, 968 ms"! 
(d) 12.42 x 10! J, 684 ms"! 
(IIT 1997] 


Solution (d) Average energy « T 
and v „®© JT 


Vma = V 2 Vma 


16. Ablock of ice at —10°C is slowly heated and converted 
to steam at 100° C. Which of the following curves 
represents the phenomenon qualitatively? 


Temperature 
Temperature 


a b 
(a) Heat supplied (b) Heat supplied 


> 


o 
= 
2 E 
= S 
E 4 
3 E 
= =) 
aa 
(c) > (d) > 


Heat supplied Heat supplied 


Solution (a) Initially, on heating temperature rises from 
—10°C to 0°C. Then ice melts and temperature does not rise. 
After the whole ice has melted, temperature begins to rise 
until it reaches 100° C. Then it becomes constant, as at the 
boiling point temperature will not rise. 


17. An ideal gas is taken through a cycle A > B > C> A 
as shown in the Figure. If the net heat supplied in the 
cycle is 5 J, then work done by the gas in the process 
C> Ais 
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(Pa) 
(a) -5J (b) -10J 
(c) -15J (d) -20 J 


[IT Screening 2002] 


Solution (a) Work done = area under the curve 10 J; 

5=W.,+ 10 0r W, =-5 J 

18. Two gases having same pressure P and volume V 
are mixed at a temperature T. If the mixture is at a 
temperature T and occupies the same volume V then 


pressure of the mixture would be 
(a) P (b) 2P 
P 
(c) (d) 3P 
[VMMC 2003] 


Solution (b) If the temperature is constant, then 


PY, = PLY, 
P,= 2P. 
T, T; , 
19. A and B are two gases. = 4 — where T is the 
M, M, 


temperature and M is the molecular mass. If C, and C, 


C 
are rms speeds, then—+ will be 
B 


(a) 2 (b) 4 
(c) 0.5 (d) 0.25 
[BHU 2003] 
3RT, 
C M 
Solution (a) —4 = Z =2 
C, PRT, 
M 


20. The P-T diagram for an ideal gas 1s shown in the figure. 
Where AC is an adiabatic process. The corresponding 
PV diagram is 


P 
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[IIT Screening 2003] 


l 
Solution (b) Process A to B is isothermal. Then P œ 


Process B — C is isobaric and C — A adiabatic. Slope of 
adiabatic > slope of isothermal. 


21. The temperature of the sun, if pressure is 1.4 x 10° atm, 
density is 1.4 gcm™ and average molecular weight is 2, 
will be 
[Given R = 8.4 J mol! k-!] 
(a) 1.2x10’K 
(c) 0.4x 107K 


(b) 2.4x10’K 
(d) 0.2 x 107K 


m m 
b) PV = nRT n= — andp= — 
Solution (b) AT P= y 
PV _PM 
or T= nR pR 
E 1.4x10° x1.01x10°x2x107 
7 1.4x10°x8.4 
=2.4x10 K 


22. A glass tube scaled at both ends is 1 m long. It 
lies horizontally with the middle 10 cm containing 
Hg. The two ends of the tube, equal in length, 
contain air at 27°C and pressure 76 cm of Hg. 
The temperature at one end is kept 0° C and at the 
other end it is 127° C. Neglect the change in length 
of Hg column. Then the change in length on two 


sides is 
(a) 12.3 cm (b) 10.311 cm 
(c) 9.9 cm (d) 8.49 cm 


Solution (d) Initially Z = 45 cm (2/ + 10 = 100 cm) 


P =P,=P (say) 4242 2 sane (1) 
, 45 cm 45 cm 
k— Hg — — 
(a) 
27°C 27°C 
— x 45 +x 
k > Hek č — >i 
(b) 


9.23 
Applying gas law at end A, 
_ 45AP _(45—x) AP > 
= -a0 o (2) 
45AP (45+x)AP, 
Atend B, ——— = =——— oen (3) 
300 400 
From (1), (2) and (3) 
(45-x) 45+x 
—...— = —— = 8.49 cm 
273 400 


A thin tube of uniform cross-section is sealed at both 
ends. It lies horizontally. The middle 5 cm contains Hg 
and two equal ends contain air at the same pressure 
P When the tube is held at an angle of 60° with the 
vertical, the length of the air column above and below 
the Hg are 46 cm and 44.5 cm. Calculate pressure P; 
in cm of Hg. Assume temperature of the system to be 
constant. 

(a) 55 cm of Hg 
(c) 70.4 cm of Hg 


(b) 65 cm of Hg 
(d) 75.4 cm of Hg 


[IIT 1986] 


Solution (d) 2L + 5= 46 + 5 + 44.5 > L = 45.25 cm 


K—L—»  K—L— 


In case (ii) P, = P} + 5 cos 60 
or P,—P,=2.5 cm of Hg 
P (44.5) = P,(46) 


or ule P= 2 
44.5 
or P= 2.5x 44.5 
1.5 


P (44.25) = P, x 46 
46 2.5 44.5x46 
B 45.25 1.5 45.25 


= 75.4 cm of Hg 


Thus P, = P 


24. Find the amount of work done to increase the 
temperature of one mole of an ideal gas by 30°C if it 
is expanding under the condition Vu T”. 
(a) 166.2 J (b) 136.2 J 
(c) 126.2 J (c) none of these 
[MNR 1994] 


Solution (a) PV = RT for 1 mole 
RT 
W= | PdV = |— dv 
J Pav =|- 


V= CT” 


9.24 
2 
dV= zT” dT 
dV 2dT 
o — =- 
V 3T 
T. 2\dT 
= Se hae 
2 
=3 R(T, — T,) = 166.2 J 
25. At what temperature the average translational KE of 


(a) 107K (b) 2.34 x 10*K 
(c) 7.73 x 10° K (d) none of these 
or 
Solution (c) : KT = leV = 1.6 x 10" J 
29. 


26. 


9 13 
a) ^R b) —R 
@ 5 b) 5 
OR 13R 
c) — d) —— 
© 2 @ 5 
my +My 
Solution (b) C= n +n, 
> Rx3+2 Rx] 
2 2 30. 
E 4 
_ I8R ZIR 
o A W4 
13R 
Pa Vix + 7 i? 


27. The specific heat of Ar at constant volume is 0.075 
kcal kg"'K"'. Calculate the atomic weight (R = 2 cal 
mol“! K7’). 
(a) 40 (b) 40.4 
(c) 40.2 (d) 40.8 or 
3x2 i 
C 2 31 
Solution (a) M = — =—— =40 i 
i Sy 0.075 
3 
C,=— R 
"2 
28. Two rods, one of Al and other of steel, having initial 


the molecules of a gas will become equal to the KE of 
an electron accelerated from rest through 1 V potential 
difference? or 


r- 2x1.6x10” -7730K 
~ 3x1.38x10 7” 


3 mole of H, is mixed with | mole of Ne. The specific 
heat at constant pressure is 


lengths /, and L are connected together to form a single 
rod of length /, + L. The coefficient of linear expansion 
of aluminium and steel are a, and a, respectively. If 
the length of each rod increases by same amount when 
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the temperature is raised by £ C then find the relation 
L 


Lott 
a, as 
(a) A, tas (b) a, 
ad a 
(c) As (d) Aa FAs 


[IT Screening 2003] 


Solution (d) Pe E 


l S 
l (04 
1+ Ż=1+ ~ 
L Os 
L _ as 
lL +l a,+a 


2 kg of ice at—20°C 1s mixed with 5 kg of H,O at 20°C 
in an insulating vessel having negligible heat capacity. 
Calculate the final mass of water left in the container. 
Given: specific heats of water and ice are 1 kcal 
kg? C~! and 0.5 kcal kg" °C" and latent heat of fusion 
of ice is 80 k cal kg". 
(a) 7 kg 

(c) 4kg 


(b) Okg 
(d) 2kg 
[HIT Screening 2003] 


Solution (b) m’, L+ m,,, 20 (0.5) = m,, (1) (20) 


m’ ~ 80 = 5 x 20 —2 x (20) x 0.5 = 80 


m’ = 1kg 


Hence total amount of water = 6 kg. 


An electrically heating coil is placed in a calorimeter 
containing 360 g of H,O at 10°C. The coil consumes 
energy at the rate of 90 W. The water equivalent of 
calorimeter and the coil is 40 g. The temperature of 
water after 10 minutes will be 

(a) 42.14°C (b) 32.14°C 

(c) 22.14°C (d) 52.14°C 


Solution (a) Q=P.t=(m+W) CAT 


90 x 600 
4.2 
AT = 32.14°C 


T= 10+ 32.14 = 42.14°C 


= (360 + 40) AT 


A bimetallic strip is formed out of two identical strips, 
one of Cu and the other of brass. The coefficients of 
linear expansion of the two metals are a, and a,. If 
on heating the temperature of the strip goes up by 
AT and the strip bends to form an arc of radius R, 
then R is 

(a) proportional to AT 

(b) inversely proportional to AT 

(c) proportional to la,- al 

(d) inversely proportional to la,- al 
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solution (b), (d)/,=1,(1 +a, A7); 
1.=1,(1 + a, AT) 
l- = RO,1,+(R+d)0 


R+d_1+a,AT 


Thus = = 
R 1+a@.AT 


or l+ Z =] + (a;— &)AT 
(Thus correct choices are (b) and (d) 


32. Calculate the work done by the gas in the diagram 


shown. 

PA (kPa) 
(a) 30J (b) 20J 
(c) —20J (d) —10J 


Solution (d) Work done = Area under the P — V curve 
W = (80 kPa) (250 x 107°). x > =10J 


Since the arrow is anticlockwise, 
Work done = -10 J 


33. Variation of molar specific heat of a metal with 
temperature is best depicted by 


Molar sp. heat — 
Molar sp. heat 


(a) (b) 


Temperature (T) Ol Temperature (T) 


Molar sp. heat 
Molar sp. heat 


c d 
(c) Temperature (T) (d) 0! Temperature (7) > 


9.25 


Solution (d) For T — 0, that is, at low temperature, molar 
specific heat u T° and at high temperature it becomes constant 
= 3R. 


34. 1 g of H,O changes from liquid to vapour phase at 
constant pressure at 1 atm. The volume increases from 
1 cc to 1671 cc. The heat of vaporisation at this pressure 
is 540 cal/g. The increase in internal energy of water is 


(a) 2099 J (b) 3000 J 
(c) 992 J (d) 2122) 
Solution (a) W = P(dV) = 1.01 x 105(1671 — 1) x 10° 
= 167 J 
AQ = AU + AW 


or AU = AQ — AW 
= mL — 167 = 540 x 4.2 — 167 = 2099 J 


35. A gas mixture consists of 2 moles of oxygen and 
4 moles of Ar at temperature T. Neglecting all 
vibrational modes, the total internal energy of the 


system is 
(a) 4 RT (b) 15 RT 
(c) ORT (d) 11 RT 


[IIT 1999] 


Solution (du =n L RT=2x > RT+4x = RT=11RT 


36.. A tyre pumped to a pressure 3.375 atm at 27° C suddenly 
bursts. What is the final temperature (y = 1.5)? 


(a) 27°C (b) -27° C 
(c) 0° C (d) -73° C 


Solution (d) T7 P' =T} P” 


y y-l 3/2 3/2-1 
T, P, T, l 
300 
T, = 1/3 
(3.375) 
37. A sound wave passing through air at NTP produces a 
pressure of 0.001 dyne/cm? during a compression. The 
corresponding change in temperature (given y= 1.5 and 
assume gas to be ideal) is 
(a) 8.97x 107K 
(c) 8.97 x 10° K 
Solution (c) 7’ P™ = constant. Differentiating 
yl’! dT P™ + T'(1-—y)P”dP=0 


or = 200 K =-73°C 


(b) 8.97 x 10°K 
(d) none of these 


—1)T 
or dT= ve dP 
r 
or dT= (oe 0.001 
1.5 76x13.6x 981 
=8.97x 10°K 


38. When a system is taken from state 1 to 2 along the path 
la2 it absorbs 50 cal of heat and work done is 20 cal. 
Along the path 1b2, Q = 36 cal. What is the work done 
along 1b2? 


9.26 
a 2 
1 b 
(a) 56 cal (b) 66 cal 
(c) 16 cal (d) 6 cal 


Solution (d) dQ = du + dW or Q = (u,- u,) + W 
w= Q27 ( u, — u,) Of Ce We u, — u, 
= 36 — 30 = 6 cal 
or u,—u,=50- 20 = 30 cal 
39. 1 g mole of an ideal gas at STP is subjected to a 


reversible adiabatic expansion to double its volume. 
Find the change in internal energy ( y = 1.4). 


(a) 1169.5 J (b) 769.5 J 
(c) 1369.5 J (d) 969.5 J 
Solution (c) Use T7,V"" = T, V7” 
TV?” 273 
or = TE =—, = 207K 
vo (2) 
Change in internal energy 
A 
Au = (7-1) =) 
8.31(273- 207) 


1.4-1 


40. A gram mole of a gas at 127° C expands isothermally 
until its volume is doubled. Find the amount of 


work done. 
(a) 238 cal (b) 548 cal 
(c) 548 J (d) 238 J 


Solution (b) W = 2.303 RT log 4 
i 
= 2.303 x 8.311 x 400 x log 2 
= 2310.1 J = 548 cal. 
41. Find the work required to compress adiabatically 1 g 
of air initially at NTP to half its volume. Density of air 


C 
at NTP = 0.001129 gcm™ and = = 1.4. 


V 


(a) 62.64 J 
(c) —32.64 J 


Solution (d) T, Vi =T, V2 


(b) 32.64 J 
(d) —62.64 J 


y-l 
or T =T a = 273 (2)°* = 360 K 
V, 
lg 
V= 
0.00129 © 
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We find R for 1 g of air using PV = RT 


_ 76x13.6x981 -288 x 105 
273 x 0.00129 
Wwe r -r= ZE. (9973 _ 360) 
y= h 2 0.4 
= 62.64 x 10’ erg. 
= 62.64 J 


42. A carnot engine has the same efficiency between 
(i) 100 K and 500 K and (ii) T and 900 K. Find T. 
(a) 200 K (b) 190 K 
(c) 180 K (d) none of these 
T T TẸ 100 T 
Solution (c) 7 = 1 T or TTT oF a O00 
43. A reversible engine takes in heat from a reservoir of 
heat at 527° C and gives heat to the sink at 127° C. How 
many calorie/s shall it take from the reservoir to do a 
work of 750 W? 
(a) 257 cals"! 
(c) 1500 cals”! 


(b) 357 cals"! 
(d) none of these 


T. 400 1 W 
lal T, 800 2 Q 
2x750 
or Q =2W= = 357.1 cals”. 


44. A Carnot engine has efficiency 40% (heat sink 27° 
C). To increase efficiency by 10%, the temperature be 
increasesd by 


(a) 15.7K (b) 25.7K 
(c) 50.7K (d) 35.7K 

2 T, 3 

d) n = 40% = — n= 1 - = or ==> 

Solution (d) 7 = 40% 31 T or T 53 


5 
T, = 300 x 3 = 500 K 
. 10 
new efficiency = 40 + 40 x 100 > 44%; 0.44 


zje 


or T =5357K 
Temperature of heat source be raised by 35.7 K 


45. Two engines are working in such a way that sink of 
one is source of the other. Their efficiencies are equal. 
Find the temperature of the sink of first if its source 
temperature is 927° C and temperature of sink of the 
second is 27° C. 
(a) 327 K 
(c) 600° C 


(b) 327° C 
(d) none of these 


T. 
Solution (b) 7=1- = =1- 7 T? =TT, 


l 2 


or T, = 41200 x300 = 600 K = 327° C 
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46. An ideal gas expands according to the law PV?? = 
constant. We conclude 
(a) The adiabatic exponent of the gas K = 1.5 
(b) The molar heat capacity C = C,- 2R 
(c) Temperature increases during the process 
(d) Such a process is not feasible 


Solution (b) Molar heat capacity 


C=C,+ 
Y 1-K i> 
p 


47. The ratio of work done by an ideal diatomic gas to the 
heat supplied by the gas in an isobaric process is 


(a) (b) 


(c) 


[|n ujo 
w| |w 


Solution (c) AU =nC,AT=n > RAT 


AQ =nC,AT=n > RAT 
nT 
W = AQ — AU = F RAT = nRAT 
W 2 
Q 7 


48. A monoatomic gas is supplied heat Q very slowly 
keeping the pressure constant. The work done by the 


gas is 
(a) ; Q (b) : Q 
a — — 

5 5 

Q 2 

= d — 
© = @ Fo 

Solution (a) For monoatomic gas 
AU 3 
— =- = or AU =@@ 
Q 5 5 
From the first law of thermodynamics 
Q=AU+W 
PA 
5 


49. Which ofthe following parameters does not characterize 
the thermodynamic state of matter? 
(a) work (b) pressure 
(c) temperature (d) volume 
[AIEEE 2003] 


Solution (a) P, V and T are thermodynamic variables. 


50. A Carnot engine takes 3 x 10° cal of heat from a 
reservoir at 627° C, and gives it to a sink at 27° C. The 
work done by the engine is 
(a) 8.4 x 10°J 
(c) zero 


(b) 16.8 x 10° J 
(d) 4.2 x 10°J 


9.27 
T. 300 W 
Solution (a)7=1- — =1-——~ = — 
anata a 900 Q, 


or W=Q=2x 10° cal=8.4x 10°J 


51. An ideal gas heat engine operated between 227° C to 
127° C in a Carnot cycle. It absorbs 6 K cal at the higher 
temperature. The amount of heat (in kcal) converted to 
work is equal to 


(a) 1.2 (b) 4.8 
(c) 3.5 (d) 1.6 
[CBSE 2003] 
T, 400 _ W 
Solution (a) 7=1- 7 =1- 300 Q 
or w= 2 =1.2k cal 


52. The efficiency of a Carnot engine operating between 
reservoirs maintained at 27° C and —123° C is 


(a) 0.75 (b) 0.4 
(c) 0.25 (d) 0.5 
[DPMT 2002] 
T. 150 1 
rio o le oe te 
Solution (d) 7 T oie 3 


53. Calculate the change in entropy when 1 g of ice at 
0° C is heated to form water at 40° C 
(a) 0.28 cal/° C (b) 1.411 cal/° C 
(c) 0.41 cal/° C (d) none of these 


Solution (c) AS = AS, + AS, 
To melt ice + to rise the temperature 


-ML ac r al 
Tn T 
ZOU TxA 30i aia 
= ‘ og — 
273 È 273 


= 0.28 + 0.1366 = 0.42 cal °C"! 


54. Calculate the change in entropy of n moles of a perfect 
gas when its temperature changes from T, to T, while 
its volume changes from V, to V, 


Solution dQ = TdS = du + PdV 


or dS= aed aoe + oo 
T T 
Since PV = nRT, therefore, 
P mR 
T V 
dT dV 


Thus dS = nC, — +nR — 
us Noy r n V 


T, V, 
Integrating S,— S, = nC, log, y +nR log, V: 
i l 


55. A Cu rod and a steel rod maintain a difference in their 
lengths constant = 10 cm at all temperatures. If their 


9.28 


coefficients of expansion are 1.6 x 10° K™ and 1.2 x 
10° K"', then the length of the Cu rod is 

(a) 40cm (b) 30cm 

(c) 32cm (d) 24cm 


Solution (b) Let /, be the length of Cu and J, that of steel 
(,—1,) =(1,-1,) + (a,—1,a,) AT 


or Lla —la=0 


2 2 1 1 
that is, = 2 = a 
l a, 
ta N 
L 2 
IL-l a,-a, 10 04 
l a, lL 1.2 


or l =30 cm. 


56. The following figure shows a V-T diagram for an ideal 
gas. Convert it to PV diagram. 


Solution In process AB, V œ T. That is, P is constant. In 
BC volume is constant. 


PeT 


In C to A, T 1s constant. 


| 
Pu y (Boyle’s law). 


57. A mercury thermometer reads 80° C when the mercury 
is at 5.2 cm mark and 60° C when the mercury is at 
3.9 cm mark. Find the temperature when the mercury 
level is at 2.6 cm mark. 


L-L a&h(T,-T,) T-T 

Solution —— = —-———— _ = + — 
L-l, al, (T, -T;) =l, 

5.2-3.9 80-60 

5.2-2.6 80-T, 


1.3 (80 — T,) = 2.6 (20) or T, = 40°C 
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58. A thermally insulated vessel contains two liquids at 
temperature T, and T, respectively and specific heats 
C, and C, separated by a non-conducting partition. 
The partition is removed and the difference between 
the initial temperature of one of the liquids and the 
temperature T established in the vessel turns out to 
be equal to half the difference between the initial 
m 
temperature of the liquids. Determine the ratio = 


2 
(masses of the liquids). 


(ay G (by © 
C, Ci 
(c) C+C (d) C-C 
C, — C, C, p C, 
[Olympiad 1994] 
(T, ~~ T, ) ‘ . 
Solution (b) T- Tj=T >T= =A (given T is 


temperature of the mixture) 
Apply heat lost = heat gained 
mC (T, — T) =m, C,(T- T,) 


59. The saturated vapour pressure on a planet is 760 mm 
of Hg. Determine the vapour density. 


[Olympiad 1995] 


Solution This vapour pressure can be obtained only at 
100°C or 373 K, that is, at boiling point of water. 


i m m 
Using PV =nRT n= T and p= — 


- 
PM RT 

p 

_ PM _10°x18x10" o sg koj : 
P= RT 831x373 70 "&m 


60. A vertical cylinder piston system has cross-section S. 
It contains 1 mole of an ideal monoatomic gas under 
a piston of mass M. At a certain instant a heater is 
switched on which transmits a heat q per unit time to 
the cylinder. Find the velocity v of the piston under the 
condition that pressure under the piston is constant and 
the system is thermally insulated. 


[Olympiad 1996] 


Mg 
Solution Gas pressure = P, + EL where M is mass of 


the piston. 
As C = 2 R 
” 2 
AU = 2 RAT = 2 PAV 
2 2 


Q = PAV + AU = PAV + = PAV = > PAV 


AV = Sdx 


| Heat and Thermodynamics 


or Q=q.di= > PSdx 


dx_ 24 _ 2q 
dt 5PS s(n +Me)s 


61. An Indian pitcher has 10 kg of water. Water cools by 
means of evaporation through the pores. Find the time 
in which the temperature of water falls by 5° C. The 
rate of vaporisation is 5g min” 

(a) 20min 10s (b) 18 min 26s 
(c) 14min 12s (d) none of these 


or 


Solution (b) Let = be the rate of evaporation and 
t 


dm 
M=M,-t as is the amount of liquid left in the pitcher 
at any instant. 
dm 
MC d0 = (2 ) L 
dt 


dm dm 
M — —.í — = 
í 0H Cd0 = Lt J 


5 5 
10000 — —.t 2a 
or í 60 l 1x5 50 t (540) 


or 50000 = eae t 
12 


, _ 50,000x12 


545 = 18 min 26s 


Or 


62. One mole of an ideal gas undergoes a process P = 


F 
>, where P, and V, are constants. 


Find the temperature of the gas when V = V. 


P 2P 
(a) Vo (b) nao 
2PV, PV, 
c) — d 
(c) T (d) y 


Solution (d) Since the gas is ideal, therefore P V, = RT 
fy 
when V=V, P= a. 


— (V,)=RT 


PV 
2R 


63. A barometer tube 90 cm long contains some air above 
mercury. The reading is 74.8 cm when true atmospheric 
pressure is 76 cm and temperature is 30° C. If the 
reading is observed to be 75.4 cm on a day when 
temperature is 10° C, then find the true pressure. 

(a) 76.07 cm (b) 75.6 cm 
(c) 76.57 cm (d) 77.123 cm 


9.29 


Solution (c) Let A be the area of the cross-section 
V, = (90 — 74.8) A = 15.2 A cm? 
P, =76 -74.8 = 1.2 cm of Hg 
P, = (P—75.4) cm of Hg 
V, = (90 — 75.4) A = 14.6 A cm? 
PV, BPV, _ 1.2x15.2x 283 
TT, 303x146 
= 76.57 cm of Hg 


= 75.44+1.17 


64. A copper cube of mass 200 g slides down on a rough 
inclined plane of inclination 37° at a constant speed. 
Assume mechanical energy goes into the copper block 
as thermal energy. Find the increase in temperature of 
the block as it slides down through 60 cm. Specific heat 
capacity of copper is 420 Jkg"K-!. 

(a) .086 °C (b) 0.86 °C 
(c) 0.0086 °C (d) none 
Solution (c) E=mgh=0.2 x 10 x (0.36) = 0.72 J 


E=mCA@= 0.72 
0.72 


—_— — c -3 0 
= 400 x0 Ao LOC 


A0 


60 cm 


É 


65. A5 g piece of ice at —20° C is added into 50 g of water 
at 20° C. Find the temperature of the mixture. 
(a) 10°C (b) 12.6 °C 
(c) 13.1°C (d) 14.2°C 
Solution (a) Let the temperature of mixture be 0. Heat lost 
by hot water = heat gained by ice. 
m,C,(20 — 0) =mC,,, A0 + mL + mC, 6 
50(1) (20 — 0) = 5 x 20(0.5) +5 x 80+5x1x@ 
55 0 = 550 


h = 60 sin 37 
= 36cm 


or 0=10°C 

66. The energy required to break one bond in DNA is 
approximetely 
(a) ~ lev (b) ~0.lev 
(c) ~ 0.0 lev (d) ~2.lev 


[AIIMS 2005] 
Solution (a) 


67. Inisothermol process which of the following is not true 
(a) temp remains const 
(b) Internal energy does not change 
(c) no heat enters or leaves the system 
(d) none 
[BHU 2005] 


Solution (c) 


| 9.30 


68. In a heat engine sink is fitted at temp 27°C and a heat 
of 100 kcal is taken from source at temp 677°C work 
done in 10° J is 


(a) 0.28 (b) 2.8 
(c) 28 (d) 0.028 
[BHU 2005] 
W 900-300 2 
Solution (a) Oo. 90 3 or 
5 
W= EaU x 2=2.8x 10° =.28x10ÉJ 


69. An ideal monoatomic gas is taken around the cycle 
ABCDA as shown in PV diagram. The work done 
during the cycle is given by 


(a) ’APV 
(c) 2PV 


(b) PV 
(d) 4PV 


Solution (b) Area under the graph is work done. 
.  We=(2P-P) (2 V-V) = PV 


70. The wanelength of the radiation emitted by a body 
depends upon 
(a) The nature of surface 
(b) The area of the surface 
(c) The temperature of the surface 
(d) all the above 
[CET Karnataka 2005] 


Solution (c) We know/ mT =b (Wein’s displacement law) 


71. Which of the following is incorrect regarding the first 
law of thermodynamics 
(a) Itis not applicable to any cycle process 
(b) Itis arestatement of princinple of conservation of 
energy 
(c) It introduces concept of internal energy 
(d) It introduces concept of entropy 
[AIEEE 2005] 


Solution (a, d) 
72. A gaseous mixture consists of 16 g He and 16 g O,. 


C 
The ratio of ral of the mixture is 
(a) 1.59 (b) 1.62 
(c) 1.4 (d) 1.54 


[AIEEE 2005] 
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Solution (b) 


_ nc, +n,C,, 29R 
von, +n, 441 18 
2 
47R C, 47 
C-C iks a 
y 18 C, 29 


73. The temperature entropy diagram of areversible engine 
cycle is shown in 


Its.efficiency is 


1 1 
= bì — 
(a) 5 (b) i 
1 n2 
(c) 3 (d) 3 
[AIEEE 2005] 
ST, 
W 9) l 
l = — > ————— => — 
Solution (c) 7 0, 3 eo 
P) Oo O 


74. The figure shows a system of two concentric spheres of 
radii r, and r, and kept at temp Tand T, respectively. 
The radial rate of flow of heat in a substance between 
the two concentric sphere is proportional to 


on i r- 
(a) == (b) oe. 
se: n 
nr. 
© = (d) log, (7,-7) 
2 1 


[AIEEE 2005] 
4arrr,K 

(7-7) 

75. A system goes from A to B via two processes I an II 
as shown in Figure. If AU, and AU, are the changes in 
internal energies in the processes I and II respectively 
then 
(a) AU = vU, 

(b) the relation between AU, and AU, can not be 
established 

(c) AU,> AU, 

(d) AU,> AU, 


Solution (c) = =(T, -T;) 


Solution (a) Since internal energy is a state function. 
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76. A refrigerator, whose coefficient of performance 


K = 5, extracts heat from the cooling compartment 
at the rate of 250 J/cycle. What is the work done per 
cycle to operate the refrigerator? How much heat is 
discharged per cycle to the room which acts as the high 
temperature reservoir? 


PRACTICE EXERCISE 3 
(UNSOLVED) 


The internal energy of 1 mol of an ideal gas depends on 
(a) only volume 

(b) only temperature 

(c) only pressure 

(d) temperature and pressure 


The temperature of a gas is increased from 27° C to 
127°C. The ratio of its mean kinetic energies will be 
(a) 10/9 (b) 9/16 

(c) 4/3 (d) 3/4 

A vessel of volume 4 litres contains a mixture of 8 g of 


O., 14 g of N, and 22 g of CO, at 27°C. The pressure 
exerted by the mixture is 


(a) 5x 10° N/m? 
(c) 10 atmosphere 


(b) 6 x 10? N/m? 
(d) 7.79 x 10° N/m? 


Equal masses of N, and O, gases are filled in vessels 
A and B. The volume of vessel B is double of A. The 
ratio of pressure in vessel A and B will be 

(a) 16:7 (b) 16:14 

(c) 32:7 (d) 32:28 

The mean kinetic energy of a gas molecule at 27°C is 
6.21 x 10! Joule. Its value at 227° C will be 


(a) 12.35 x 102! Joule  (b)-11.35 x 107! Joule 
(c) 10.35x107' Joule (d) 9.35 x 107! Joule 


The value of y of triatomic gas (linear arrangement) 
molecules is 


(a) 5/3 (b) 7/5 

(c) 8/6 (c) 9/7 

The correct relation between V ng? Vay and Vas iS 
(a) V> Vas >V (b) Vs < Vay < Vi 
(c) V ins a Vy 2 Yop (d) Ves < Mag > Va 


One mol of a monoatomic gas is mixed with one mol 
of a diatomic gas. The molar specific heat of mixture 
at constant volume will be 
(a) R/2 
(c) 2R 


(b) R 

(d) 3R 

The value of C, for 1 mol of polyatomic gas is 
(f= number of degrees of freedom) 


IR JR 
(a) T (b) 3 
(c) a (d) 2fRT 


Solution (c) W = = = 
K 


10. 


11. 


12; 


13. 


14. 


15. 


16. 


17. 


18. 


9.31 


(a) 50J 
(c) 300J 


(b) 200J 
(d) none of these 
250 
Q, Eg =50J 


Q,=Q,+W=2300] 


The value of y for gas X is 1.66, then X is 

(a) Ne (b) O, 

(c) N, (d) H, 

The mass of O, molecules is 16 times that of H, 
molecules. The rms velocity of O, molecules at room 
temperature is C The mms velocity of H, molecules 
at the same temperature will be 


(a) 16 Cc (b) 4 Cms 
C C 
rms d rms 
(c) EA d -6 


The amount of heat required to increase the temperature 
of 1 mol of a triatomic gas (non-linear) at constant 
volume is n times the amout of heat required for 1 mol 
of monatomic gas. The value of n will be 

(a) 1 (b) 1.3 

(c) 2 (d) 2.5 

At what temperature will the mean molecular energy 
of a perfect gas be one-third of its value at 27° C? 

(a) 10°C (b) 10'K 

(c) 10°K (d) 10°K 


In the gas equation PV = RT, V is the volume of 
(a) 1 mol of gas (b) 1 g of gas 


(c) gas (d) 1 litre of gas 

The mean kinetic energy of gas molecules is zero at 
(a) 0° C (b) —273°C 

(c) 100 K (d) 100°C 


The speed of sound in a gas is V. If the rms velocity of 


Vo 
gas molecules is C_ then the value of —— will be. 
rmd 


2 Y 
a7 o 3 


3 y 
© > a) |e 


The temperature at which the rms speed of gas 
molecules becomes double its value at 0° C is 

(a) 819°C (b) 760° C 

(c) 273°C (d) 224° C 

The internal energy of a monoatomic ideal gas is 

(a) only kinetic 

(b) only potential 

(c) partly kinetic and partly potential 

(d) none of these 
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19, 


20. 


ls 


27, 


23. 


24. 


If the number of gas molecules in a cubical vessel is 
increased from N to 3N, then its pressure and total 
energy will become 
(a) four times 

(c) double 


(b) three times 
(d) half 


Which of the following curves is not correct at constant 
temperature? 


C, d, C? {d, 
Ar O Tya 
G _ |h GL fa 
(c) 7 (d) C, Vd, 


N 
pa 


The correct curve between V/T and 1/V for a gas at 
constant pressure is 


Ag (b) 


I/V 


If the mass of molecules of a gas in a closed vessel is 
halved and the speed doubled, then the ratio of initial 
to final pressure will be 
(a) 4:1 
(c) 1:2 


(b) 1:4 
(d) 2:1 


If the total number of molecules in a gas is N then the 
number of molecules moving in negative X-direction 
will be 

(a) N/6 
(c) N/3 


(b) N/4 
(d) N 


235: 


26. 


27. 


28. 


2% 


30. 


31; 


JA: 


33. 
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The temperature below which a gas can be liquified by 
increasing its pressure is known as 

(a) zero 

(b) neutral temperature 

(c) critical temperature 

(d) Boyle temperature 


The expression for mean free path is 


) A= KT b) A= adP 
a) a= J2nd7P © kT 
md’ P kT 

A= d A= — 

(c) kT S mdP 


If the absolute temperature of a gas is tripled, then the 
rms velocity of gas molecules will become 


(a) 1/3 (b) V3 times 
(c) 3 times (d) 9 times 


The correct expression for pressure exerted by a gas on 
wall of a container is 


2 
mn mnc 
PE — NVE b) P= 
(a) TE (b) 32 
2 2 mce? 
P= d) P= 
(c) mn (d) 317 


A gas is filled in a container at any temperature and 
at pressure 76 cm of Hg. If at the same temperature 
the mass of gas is increased by 50% then the resultant 
pressure will be 
(a) 38cm of Hg 
(c) 114cm of Hg 


(b) 76 cm of Hg 
(d) 152 cm of Hg 


The critical temperature for CO, is 
(a) 31K (b) 31.1K 
(c) 31.1°C (d) 31.3 F 


At what temperature will the linear kinetic energy of a 
gas molecule be equal to that of an electron accelerated 
through a potential difference of 10 volt? 

(a) 273 K (b) 19x10 K 

(c) 38.65 x 10° K (d) 11.3 x 10° K 


Which of the following expressions is not correct for 
rms velocity? 


3p 3RT 
(a) p (b) 

3 PV 4 A 
(c) 1 (d) 


The correct graph between PV and P of one mol of gas 
at constant temperature will be 


PV BV 
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34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


PV PV 


(c) p (d) P 


How many times is the forbidden volume compared to 
actual volume of gas molecules? 

(a) Double (b) 3 times 

(c) 4times (d) 8 times 


At what temperature will the kinetic energy of gas 
molecules be double of its value at 27° C? 

(a) 54° C (b) 108° C 

(c) 300° C (d) 327° C 


If the pressure of a gas is increased then its mean free 
path becomes 
(a) zero 

(c) more 


(b) less 
(d) œ 


On which of the following is the kinetic theory of gases 
not applicable? 

(a) On free electron gas 
(c) On water vapour 


(b) On bound electrons 
(d) On smoke particles 


The mean molecular energy of a gas at 300 K will be 
(a) 2.6 x 10 Joule (b) 6.2 x 10! Joule 
(c) 6.2 x 10 Joule (d) 6.2 x 10” Joule 


If the mean kinetic energy per unit volume of a gas is 
n times its pressure, then the value of n is 

(a) 4.5 (b) 3.5 

(c) 2.5 (d) 1.5 


The volume of 0.1 mol of gas at NTP is 
(a) 0.22 litre (b) 2.24 litre 
(c) 1 Litre (d) 22.4 litre 


When a molecule moving with velocity u collides 
normally with the wall of the container, then the change 
in its velocity and momentum will be 

(b) 2u and 2 mu 

(d) u and -mu 


(a) —u and mu 
(c) 2u and mu 


Heat required to melt 1 g of ice is 80 cal. A man melts 
60 g of ice by chewing in one minute. His power is 
(a) 1.33 W (b) 0.75 W 

(c) 336 W (d) 4800 W 


Taking the unit of work as Joule and the unit of amount 
of heat as K cal, the magnitude of Joule’s mechanical 
equivalence of heat is 
(a) 1 

(c) 4.2 


(b) 4.2 x 107 
(d) 4.2 x 103 


The temperature of 5 moles of a gas which was held at 
constant volume was changed from 100° to 120° C. The 
change in the internal energy of the gas was found to be 


46. 


47. 


48. 


49. 


50. 


51. 


52: 


53. 


9.33 


80 Joule. The total heat capacity of the gas at constant 
volume will be equal to 
(a) 0.4 JK“! 
(c) 0.8 JK! 


(b) 4 Jk" 
(d) 8JK" 


The rms speed of He gas atom is 5/7 of the rms speed 
of H, gas molecules. If the temperature of H, gas be 
0° C, then the temperature of He will be approximately 
(a) 273°C (b) 100 K 

(c) 0°C (d OK 


If ice at —10° C is added to 40g of water at 15° C, the 
temperature of the mixture is 

(a) 3.75°C (b) O°C 

(c) 3° C (d) -2° C 


A cylinder contains 2 kg of air at a pressure of 10° Pa. If 
2 kg more air is pumped into it, keeping the temperature 
constant, the pressure will be 

(a) 10! Pa (b) 2 x 105 Pa 

(c) 10°% Pa (d) 0.5 x 10° Pa 


10 g of steam passes over an ice block. What amount 
of ice will melt? 
(a) 8g 

(c) 45 g 


(b) 18g 
(d) 80g 


An inverted vessel (bell) lying at the bottom of a lake 
50.6 m>deep has 50 cc of air trapped in it. The bell 
is brought to the surface of lake. The volume of the 
trapped air will now be 
(a) 200 cc 
(c) 300 cc 


(b) 250 cc 
(d) 350 cc 


A mixture of two gases X and Y is enclosed at constant 
temperature. The relative molecular mass of X, which 
is diatomic, is 8 times that of Y, which is monatomic. 
The ratio v_„„ of Y molecules to that of molecules of X 
is 

(a) 8 


(c) 22 


The amount of work done by the gas system in 
increasing the volume of 10 mols of an ideal gas from 
one litre to 20 litres at 0° C will be 

(a) zero (b) 3.49 Joule 

(c) 3.49 x 10* Joule (d) 6.79 x 10* Joule 


(b) 4 
(d) 2 


The minimum number of thermodynamic parameters 
required to specify the state of gas system is 

(a) 1 (b) 2 

(c) 3 (d) œ 


If C, and C, are the molar specific heats of a gas at 
constant pressure and volume respectively then the 
ratio of adiabatic and isothermal moduliii of elasticity 
will be 


(a) Crp = Gy (b) C,C, 
C; 
C C 
v ay 2 
(c) C. (d) C, 
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54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


The internal energy of a compressed real gas, as 
compared to that of the normal gas at the same 
temperature, is 

(a) less 

(b) more 

(c) sometimes less, sometimes more 

(d) none of these 


A system is given 400 calories of heat and 1000 Jouleof 63. 


work is done by the system, then the change in internal 
energy of the system will be 

(a) —860 Joule (b) 680 erg 

(c) 680 Joule (d) 860 Joule 


64. 
In a certain process 500 calories of heat is given 
to a system and the system does 100 Joule of 
work. The increase in internal energy of the 
system is 
(a) 40 calorie (b) 82 calorie 
(c) 1993 Joule (d) 2193 Joule 65. 


The specific heat of a gas at constant pressure as 
compared to that at constant volume is 

(a) less (b) equal 

(c) more (d) constant 


An air bubble of volume 15 cm? is formed at a depth of 66 


50 m in a lake. If the temperature of the bubble while 
rising remains constant then the volume of bubble at the 
surface will be (g = 10 ms”? and atmospheric pressure 
= 1.0 x 10° Pa) 
(a) 100 cm? 
(c) 80 cm? 


(b) 90 cm? 
(d) 40 cm? 


The ratio of the slopes of adiabatic and isothermal 
curves is 
(a) y? 
(c) y 


(b) 1/y 
(d) y 


Equal volumes of monoatomic and diatomic gases 
of same initial temperature and pressure are mixed. 
The ratio of the specific heats of the mixture (C,/C,) 


will be 67. 
(a) 1.53 (b) 1.52 
(c) 1.5 (d) 1 


The change in internal energy of two mols of a gas 


during adiabatic expansion is found to be —100 Joule. 68. 


The work done during the process is 
(a) —100 Joule (b) 0 
(c) 100 Joule (d) 200 Joule 


Out of the following, the indicator diagram is 


69. 


pP U 


(a) T (b) T 
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P V 


(c) vy (d) T 


The amount of heat required to raise the temperature 
of 100 g water from 20° C to 40° C will be 

(b) 100 calorie 

(d) 4000 calorie 


(a) zero 
(c) 2000 calorie 


A liquid boils at such a temperature at which the 
saturated vapour pressure, as compared to atmospheric 
pressure, is 
(a) one-third 
(c) half 


(b) equal 
(d) double 


The initial pressure of a gas is P. Itis kept in an insulated 
container and suddenly its volume is reduced to one- 
third. Its final pressure will be 


(a) —3’P (b) 


P 
(3) 
(c) P/3 (d) 3P 


The work done in the Figure is 


(a) 3x 10°J 
(c) 10°J 


(b) 2x 10°J 
(d) zero 


1 g of ice at 0° C is converted to steam at 100° C. The 
amount of heat required will be 

(a) 12000 calorie (b) 756 calorie 

(c) 716 calorie (d) 430 calorie 


The heat capacity of a meterial depends upon 
(a) density of matter 

(b) specific heat of matter 

(c) temperature of matter 

(d) structure of matter 


In changing the state of a system from state A to state 
B adiabatically the work done on the system is 322 
Joule. If 100 calories of heat are given to the system in 
bringing it from state A to state B, then the work done 
on the system in this process will be 

(a) 15.9 Joule (b) 38.2 Joule 

(c) 98 Joule (d) 15.9 calorie 
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70. 


71. 


T2: 


13. 


74. 


75. 


76. 


The indicator diagrams representing maximum and 
minimum amounts of work done are respectively 


(a) aand b 
(c) bandd 


(b) bandc 
(d) cand d 


Two samples of a gas A and B, initially at same 
temperature and pressure, are compressed to half their 
initial volume, A isothermally and B adiabatically. The 
final pressure in the two cases is related as 

(a) A=B (b) A>B 

(c) A<B (d) A?=B 


A piece of ice at 0° C is dropped into water at 0° C. 
Then ice will 
(a) melt 

(c) not melt 


(b) be converted to water 
(d) partially melt 


Four curves A, B, C and D are drawn for given mass a 
gas (Figure). The curves which represent adiabatic and 
isothermal expansion are respectively 


(a) A and B 
(c) B and A 


(b) Cand D 
(d) D and C 


How much work can be done by 250 calories of heat? 
(a) zero (b) 1045 erg 
(c) 1045 watt (d) 1050 Joule 


In the gas equation PV = RT, V represents the volume 
of 

(a) 1 mol of gas 
(c) 1 litre of gas 


(b) 1 g of gas 
(d) any mass of gas 


If, in defining the specific heat, temperature is 
represented in °F instead of °C then the value of specific 
heat will 


T1. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 
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(a) be converted to heat capacity 
(b) remain unchanged 

(c) decrease 

(d) increase 


The specific heat of an ideal gas varies as 
(a) T (b) T? 
(c) T' (d) T° 


When an ideal diatomic gas is heated at constant 
pressure then what fraction of heat given is used to 
increase internal energy of gas? 

(a) 2/5 (b) 3/5 

(c) 3/7 (d) 5/7 


One mol of helium is heated at 0° C and constant 
pressure. How much heat is required to increase its 
volume threefold? 
(a) 2730 calorie 

(c) 27.30 calorie 


(b) 273 calorie 
(d) 2.730 calorie 


The pressure and volume of a gas are P and V 
respectively. If it is compressed suddenly to 1/32 of its 
initial volume then its final pressure will be 


(a) P/128 (b) P/32 
(c) 128P (d) 32P 
The net amount of work done in the following indicator 
diagram is 
P 
m 
(a) zero (b) positive 


(c) negative (d) infinite 


The concept of temperature is related to 
(a) zeroeth law of thermodynamics 

(b) first law of thermodynamics 

(c) second law of thermodynamics 

(d) third law of thermodynamics 


When a liquid is heated retaining its liquid state, then 
its molecules gain 

(a) kinetic energy 

(b) potential energy 

(c) heat energy 

(d) both kinetic and potential energy 


A system absorbs 10° calories of heat and the system 
does 1677.3 Joule work. The internal energy of the 
system increases by 2515 Joule. The value of J is 

(a) 4.19 Joule/cal (b) 4.18 cal/Joule 

(c) 42 Joule/cal (d) 420 Joule/cal 
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85. 


86. 


87. 


88. 


89. 


90. 


ol, 


92. 


93. 


94. 


95. 


96. 


The relation between P and T for monoatomic gas 
during adiabatic process is P œ T ©. The value of c is 
(a) 3/5 (b) 2/5 

(c) 5/3 (d) 5/2 


A player gets 400 kilocalories energy daily from the 
food. His power will be 
(a) zero 

(c) 19.3 watt 


(b) 1.93 watt 
(d) 193.5 watt 


The thermodynamic scale of temperature was given by 
(a) Dewar (b) Fahrenheit 
(c) Kelvin (d) Carnot 


The volume of 1 m° of gas is doubled at atmospheric 
pressure. The work done at constant pressure will be 
(a) zero (b) 10° calorie 

(c) 10° Joule (d) 10° erg 


If the volume of a gas is decreased by 10% during 
isothermal process then its pressure will 

(a) decrease by 10% (b) increase by 10% 

(c) decrease by 11.11% (d) increase by 11.11% 


At the boiling point of water the saturated vapour 
pressure will be Gn mm of Hg) 

(a) 750 (b) 760 

(c) 850 (d) 860 


The ratio of the latent heat of steam to latent heat of ice 
iS 

(a) 4/9 
(c) 4/27 


(b) 9/4 
(d) 27/4 


The maximum efficiency of an engine operating 
between the temperature 400° C and 60° C is 

(a) 55% (b) 75% 

(c) 95% (d) none of these 


A Carnot engine works between ice point and steam 
point. Its efficiency will be 
(a) 85.42% 
(c) 53.36% 


(b) 71.23% 
(d) 26.81% 


If the temperature of the sink is absolute zero, the 
efficiency of the heat engine should be 

(a) 100% (b) 50% 

(c) zero (d) none of these 


When the temperature difference between the source 

and the sink increases, the efficiency of the heat engine 

will 

(a) increase 

(b) decrease 

(c) is not affected 

(d) may increase or decrease depending upon the 
nature of the working substance 


A Carnot engine can be 100% efficient if its sink 
is at 

(a) OK 
(c) 0° F 


(b) 0°C 
(d) 273K 


97. 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 
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Which of the following is the best container for gas 
during adiabatic process? 
(a) Wood vessel 

(c) Copper vessel 


(b) Thermos flask 
(d) Glass vessel 


In which of the following processes does the system 
always returns to the original thermodynamic 
state? 

(a) Isobaric 
(c) Isothermal 


(b) Cyclic 
(d) Adiabatic 


A Carnot engine has an efficiency of 50% when its 
sink is at a temperature of 27° C. The temperature of 
the source is 
(a) 300°C 
(c) 373°C 


(b) 327°C 
(d) 273°C 


The following figure shows four indicator diagrams. In 
which case is the work done maximum? 


P 
$ 
II 
TI 
IV 
y 
(a) IV (b) II 
(c) I (d) I 


One mole of a monoatomic gas and one mole of 
a diatomic gas are mixed together. What is the 
molar specific heat at constant volume for the 
mixture? 
(a) 5/2 R 
(c) 3/2 R 


(b) 2R 
(d) 3R 


What is the value of dp/p for adiabatic expansion of the 
gas? 

(a) ydV/V 
(c) dV/V 


(b) —dV/V 
(d) —ydvIV 


Which of the following has higher efficiency? An 
engine working between the temperatures 

(a) 40 K and 20 K (b) 60 K and 40 K 

(c) 80 K and 60K (d) 100 K and 80 K 


The temperature of the source of a Carnot heat engine 
is O° C and that of sink is — 39° C. The efficiency of 
the heat engine is 
(a) 39% 
(c) zero 


(b) 14.3% 
(d) none of these 


Work done during isothermal expansion depends on 
change in 

(a) volume 

(c) both (a) and (b) 


(b) pressure 
(d) none of these 
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106. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


For an engine operating between the temperatures r, °C 
and t, °C, the efficiency will be 
fi — f, fi — 5 
(a) a (0) 7 4273 
t, +273 ty 
) p42 973 D 4, 
For 100% efficiency of a Carnot engine the temperature 
of the source should be 
(a) 273°C (b) 0°C 
(c) —273° C (d) none of these 
When 1 mole of a monoatomic gas expands at 


constant pressure the ratio of the heat supplied that 
increases the internal energy of the gas and that used in 
expansion is 


(a) 2/3 (b) 3/2 
(c) 0 (d) œ 
A Carnot engine operates with a source at 500 K and 


sink at 375 K. If the engine consumes 600 K cal of 
heat in one cycle, the heat rejected to the sink per 
cycle is 

(a) 550 K cal 
(c) 350 K cal 


(b) 450 K cal 
(d) 250 K cal 


The change in which of the following solely determines 
the work done by a gas during adiabatic process? 

(a) Temperature (b) Pressure 

(c) Volume (d) None of these 


During an adiabatic expansion of 5 moles of gas, the 
internal energy decreases by 75 J. The work done during 
the process is 


(a) -75J (b) zero 
(c) 15J (d) 75J 
A monoatomic gas expands isobarically. The percentage 


of heat supplied that increases the thermal energy and 
that involved in doing work for expansion is 

(a) 40:60 (b) 60: 40 

(c) 50:50 (d) none of these 


How many dead centres are there in one cycle of steam 
engine? 

(a) 4 (b) 3 

(c) 2 (d) 1 


For adiabatic expansion of a monoatomic perfect gas, 
the volume increases by 2.4%. What is the percentage 
decrease in pressure? 
(a) 2.4% 
(c) 4.8% 


(b) 4.0% 
(d) 7.1% 


The following figure represents two processes a and b 
for a given sample of gas. Let AQ, and AQ, be the heat 
absorbed by the systems in the two cases respectively. 
Which of the following relations is correct? 


116. 


117. 


9.37 
P 
(a) AQ, =4Q, (b) AQ, > AQ, 
(c) AQ, < AQ, (d) AQ < AQ, 


A cylinder contains helium at 2.5 atmosphere 
pressure. Another identical cylinder contains argon at 
1.5 atmosphere pressure at the same temperature. If 
both the gases are filled in any one of the cylinders, 
the pressure of the mixture will be 

(a) 1.5 atm (b) 2.5 atm 

(c) 4 atm (d) none of these 


Figure below shows acyclic process abca for one mole 
of an ideal gas. If ab is isothermal process, then which 
of the following is the P — T diagram for the cyclic 
process? 


Pressure 


Volume —> 
P P 
a b a 
c c b 
(a) r (b) y 
P P 
a a 
Cc b C b 
(c) r (d) T 


118. An ideal gas heat engine operates in Carnot cycle 


between 272° C and 127° C. It absorbs 6.0 x 10% cal at 
the higher temperature. The amout of heat converted 
into work is equal to 
(a) 1.2 x 10* cal 
(c) 3.5 x 10* cal 


(b) 1.6 x 10* cal 
(d) 4.8 x 10* cal 
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119. 


120. 


121. 


122. 


123. 


124. 


125. 


In free expansion of a gas, the internal energy of the 
system 

(a) increases 

(c) is unchanged 


(b) decreases 
(d) changed 


A Carnot engine whose sink is at a temperature of 
300 K has an efficiency of 40%. By how much should 
the temperature of the source be increased so as to 
increase the efficiency to 60%? 

(a) 250 K (b) 275 K 

(c) 325 K (d) 380 K 


During an adiabatic expansion of 2 moles of a gas, the 
change in internal energy was found to be equal to — 200 
J. The work done during the process will be equal to 
(a) —100 Joule (b) zero 

(c) 100 Joule (d) 200 Joule 


Which of the following represents an isothermal 


expansion? 
iD (d) lke 


Two perfect gases having masses.m, and m, at 
temperatures T, and T, are mixed without any loss of 
internal kinetic energy of the molecules. The molecular 
weights of the gases are M, and. M,. What is the final 
temperature of the mixture? 


M M 
—T, +—+T, iy +r, 
m m, M, M, 
(a) (b) H 2 
M, My Mia Mi 
mo mM, M, M, 
© M T, +M.ĪT, (a) mT, +m,T, 
M +M, m +m, 


In a thermodynamic process pressure of a fixed mass 
of gas is changed in such a manner that the gas releases 
30 Joule of heat and 18 Joule of work was done on the 
gas. If the initial internal energy of the gas was 60 Joule, 
then the final internal energy will be 

(a) 96 Joule (b) 72 Joule 

(c) 48 Joule (d) 32 Joule 


A Carnot engine working between 300 K and 600 K 
has a work output of 800 J per cycle. The amount of 
heat energy supplied to the engine from the source in 
each cycle is 


126. 


127. 


128. 


129. 


130. 
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(b) 3200 J 
(d) 800 J 


(a) 6400 J 
(c) 1600 J 


Find the change in internal energy of the system when 
a system absorbs 2 kilocalorie of heat and at the same 
time does 500 Joule of work. 

(a) 8200 J (b) 7900 J 

(c) 6400 J (d) 5600 J 


10 g of ice at 0° C melts. The entropy then 
(a) decreases by 2.93 cal° C7! 

(b) increases by 2.93 cal° C7! 

(c) remains unchanged 

(d) none of these 


Which of the curve shows adiabatic compression? 


P 


(a) 4 
(c) 3 


(b) 2 
(d) 1 


Figure below shows a cyclic process. Which of the 
following is its PV conversion? 


The value of C,/C, for the mixture of 2 mols of oxygen 
and 5 mols of ozone is 
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131. 


132. 


133. 


134. 


135. 


136. 


137. 


138. 


139. 


(a) 1.34 (b) 1.41 
(c) 1.51 (d) 1.67 
When the temperature of an iron sphere of mass 1 kg 


falls from 30° C to 25° C, then 550 calorie of heat is 
released. The heat capacity of the iron sphere will be 
(in cal °C"') 


(a) 440 (b) 330 
(c) 220 (d) 110 
A 50 g piece of iron at 100°C is dropped into 


100 g water at 20° C. The temperature of the mixture 
is 25.5 °C. The specific heat of iron (in calg—1 °C~) is 


(a) 0.148 (b) 0.082 
(c) 0.267 (d) 0.341 
If the radii of two copper spheres are in the ratio 


1 : 3 and their temperatures are in the ratio 9 : 1 then 
the ratio of the heat contents in them will be 


(a) 1:3 (b) 1:4 
(c) 2:1 (d) 4:1 
A reversible heat engine converts 1/6th of heat which it 


absorbs from source into work. When the temperature 
of sink 1s reduced by 62 °C, its efficiency 1s doubled. 
The temperature of the source is 


(a) 372K (b) 272K 
(c) 172K (d) 72K 
An ideal gas is filled in a container of volume 


8.3 x 103 m° at 300 K temperature and 2.0 x 10 Nm”? 
pressure. If it is given an additional energy 2.5 x 10° J, 
then its final temperature will be 


(a) 600 K (b) 625K 
(c) 650K (d) 675K 
For which process is the relation dQ = dU true? 


(b) Isochoric 
(d) Adiabatic 


(a) Isobaric 
(c) Isothermal 


The molar specific heat of an ideal gas at constant 
pressure and volume are .C, and C, respectively. The 
value of C, is 


(a) R (b) yk 
R 
© —— o 2 
Heating of a wheel on applying brakes is due to the 
relation 
(a) Pœ = (b) PxT 
(c) Wg (d) VæT 
A bicycle is moving at a speed of 36 kmh’. Brakes 


are applied. It stops in 4 m. If mass of the bicycle is 
40 kg then temperature of the wheel risen is 
[specific heat of wheel 0.25 calg- °C"', mass of the = 
wheel = 5 kg] 
(a) 0.19° C 
(c) 4.7° C 


(b) 0.47° C 
(d) 1.9° C 


140. 


141. 


142. 


143. 


144. 


145. 


146. 


147. 


148. 


149. 


150. 
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Out of the following whose specific heat is 
maximum? 
(a) Lead 
(c) Glass 


(b) Brass 
(d) Iron 


The correct value of temperature on Kelvin scale 
corresponding to 0° C is 
(a) OK 

(c) 273.2K 


(b) 273.15 K 
(d) 273 K 


For Boyle’s law to hold good, the necessary 
condition is 
(a) isothermal 
(c) isobaric 


(b) adiabatic 
(d) isochoric 


The mechanicl equivalent of heat (J) is a 
(a) conversion factor (b) constant 
(c) physical quantity (d) none of these 


The internal energy of an isolated system 
(a) keeps on changing | (b) remains constant 
(c) zero (d) none of these 


The number of specific heats for a gas system is 
(a) 1 (b) 2 
(c) three (d) infinite 


The internal energy of a piece of lead when beaten by 
a hammer will 

(a) increase 

(b) decrease 

(c) remain constant 

(d) sometimes increase and sometimes decrease 


20 g of water at 20° C is contained in a calorimeter of 
water equivalentof 10 g of water at 50° C is mixed into 
it. The temperature of the mixture will be 

(a) 15.2° C (b) 27.5° C 

(c) 35.2° C (d) 43.7° C 


How much heat is required to heat 2 moles of a 
monoatomic ideal gas from 0° C to 100° C if no 
mechanical work is done during heating? [The specific 
heat of gas at constant pressure is 2.5 R, where R is the 
universal gas constant. ] 
(a) 378.6 cal 

(c) 596.4 cal 


(b) 417.1 cal 
(d) 782 cal 


Two steam engines A and B have their sources 
respectively at 700 K and 650 K and their sinks at 
350 K and 300 K. Then 

(a) Ais more efficient than B 

(b) Bis more efficient than A 

(c) both are equally efficient 

(d) depends on the fuels used in A and B 


A Carnot engine works between 600 K and 300 K. In 
each cycle of operations, the engine draws 1000 Joule 
of energy from the source at 600 K. The efficiency of 
the engine is 
(a) 90% 
(c) 50% 


(b) 70% 
(d) 20% 
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Answers to Practice Exercise 3 


1. (b) 2. (d) 3. (d) 4. (a) 5. (c) 6. (d) 7. (c) 
8. (c) 9. (b) 10. (a) 11. (b) 12. (c) 13. (c) 14. (a) 
15. (b) 16. (d) 17. (a) 18. (a) 19 (b) 20. (a) 21. (c) 
22. (c) 23. (c) 24. (a) 25. (c) 26 (a) 27. (b) 28. (b) 
29. (c) 30. (c) 31. (d) 32. (a) 33. (d) 34. (c) 35. (d) 
36. (b) 37: (b) 38. (b) 39. (d) 40. (b) 41. (b) 42. (c) 
43. (d) 44. (b) 45. (c) 46. (b) 47. (b) 48. (d) 49. (c) 
50. (c) 51. (d) 52. (b) 53. (d) 54. (a) 55. (c) 56. (c) 
57. (c) 58. (b) 59. (d) 60. (c) 61. (c) 62. (c) 63. (c) 
64. (b) 65. (a) 66. (c) 67. (c) 68. (b) 69. (c) 70 (c) 
71. (c) 72. (c) 73. (a) 74. (d) 75 (a) 76 (c) 77. (d) 
78. (d) 79. (a) 80. (c) 81. (a) 82 (a) 83. (a) 84. (a) 
85. (d) 86. (c) 87. (c) 88 (c) 89 (b) 90. (b) 91. (d) 
92. (d) 93. (d) 94. (a) 95 (a) 96. (a) 97. (b) 98. (b) 
99. (b) 100. (d) 101. (b) 102 (d) 103. (a) 104 (b) 105. (c) 
106. (b) 107. (c) 108. (b) 109. (b) 110. (a) 111. (d) 112. (b) 
113. (c) 114. (b) 115. (b) 116. (c) 117. (d) 118. (b) 119. (c) 
120. (a) 121. (d) 122. (d) 123. (b) 124. (c) 125. (c) 126. (b) 
127. (b) 128. (b) 129. (c) 130. (a) 131. (d) 132. (a) 133. (a) 
134. (a) 135. (d) 136. (b) 137. (c) 138. (c) 139. (a) 140. (a) 
141. (b) 142. (a) 143. (a) 144. (b) 145 (b) 146. (a) 147. (b) 
148. (c) 149. (b) 150. (c) 
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Heat transfer- conduction, convection and radiation, Newton's law of cooling. 


BRIEF REVIEW 


Heat energy can be transferred in three distinguished 
methods: conduction, convection and radiation. Conduction 
usually occurs in solids, convection in fluids. Radiation does 
not require any medium. 


Thermal Conduction Let A area of cross-section of a 
conductor, / its length, K thermal conductivity, 7, and T, 


dQ 


temperatures at two ends, then rate of transfer of heat —= 
or thermal current is given by dt 


——— | -~————4 


Higher temp 


T T 


1 2 


Fig. 10.1 Heat transfer by conduction in a rod 


dt l dx 


Note that temperature 


gradient ai is negative. 
dx 


Comparing it with Ohm’s law in electricity i = V/R 


_ 4Q 


i =_~ 
thermal 
dt 


? " thermal 


Z _ l 
-= T, — T, and R iena Toe 
Laws of resistances in case of thermal resistances in 
series and parallel are alike their counterparts in electricity. 
It is believed that current carriers (free electrons) are perhaps 
heat carriers also as all electrical conductors are also thermal 


conductors. In general, metals are better thermal conductors 
than liquids and-gases as metals have large number of free 
electrons. 


Thermometric Conductivity (D) It is the ratio of 
thermal conductivity to thermal capacity per unit volume. 
Thus thermometric conductivity or diffusivity is 


K 
D= E where K — thermal conductivity 
p 


p — density 
C —> specific heat 


Thermal Conductivity K of gases K = : v Apc, 
3 
= DpC, where D = > v „ 41s diffusion coefficient and 
3 


1 
A= —=—— is mean free path. 
2nd ĉn 
d — effective diameter of a molecule 


n — number of molecules/ volume 


Wiedemann—-Franz Law Wiedemann and Franz have 
shown that at a given temperature 7, the ratio of thermal 
conducitivity (K) to electrical conductivity (ø) is constant. 
That is, 


2 constant 

oT 
Ingen-Housz's Experiment Ingen Housz showed that 
if a number of identical rods of different metals are coated 
with wax and one of their ends is put in boiling water, then 
in steady state, the square of length of the bar over which 
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wax melts is directly proportional to the thermal conductivity 
of the metal. That is, 


K = constant 
la 
Thermal resistances in series 


em ] O81} —_— ] —i 


A K, 4, Fig. 10.4 Growth of ice in a lake 


R, R, 
l , , , The ratio of times for thickness 0 to y : y to 2y : 2y to 
Fig. 10.2 Thermal resistances in series E O 
3y::1:3:5 
R=R +R, In a shell of radius r and r, 
l +l l l d 4arr. 
is Eyes ee a = K ——+(9,—4,) [See Fig. 10.5] 
Kp Age KA K, dt (r -7 ) 
ifA =A andl =! . _ K4rny, 
(ane? 17 "2 Thickness of the shell (7, - 7) = ao 
2 l 1 P 
then == — t— dt 
a K K where r,—r,=rand 0 -0,=90 


Thermal resistances in parallel 


i K oe Aotr _ KA, j K,A, 
1 R, l l l # 


Fig. 10.5 Thermal conduction in a hollow 


sphere of radius r, and „ 
A 


In a cylinder of length /, radii r, and r, 
dQ 2xKI(6,-6,) 


[See Fig. 10.6] 


Fig. 10.3 Thermal resistances in parallel Be r 
or K ore A ose E KA, T KA, 
If the area of cross-section is equal then 
A „= A, + A, =2A 
and K= A\+K, 
2 Fig. 10.6 Heat conduction in a hollow cyclinder 


Growth of ice in a pond . 
Convection Itis the process in which heat is transferred 
0-(-8) 7 from one place to the other by the actual movement of heated 
dQ, = KA y dt = dQ, = mL = pAdyL substance (usually fluid). Convection requires medium. 


When a liquid is heated the particle of the liquid 


dy KO 1 which gets heated moves upwards, delivers heat to the other 

ig dt "L y particles by bodily movement and gets cooled. It comes 
down at the heating point, gets heated and goes back to its 

ae J PLY journey to distribute heat as illustrated in Fig. 10.7. This type 


K0 2 of convection, which results from difference in densities, 
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is called natural convection. However, if a heated fluid is 
forced to move by a blower fan or pump, it is called forced 
convection. 


Nsg 777 


Fig. 10.7 Illustration of Convection 


It is found that heat convection from an object is 
proportional to the temperature difference A@ between the 
object and convective fluid and the contact area A. That is, 


d 
2 = hAA@ where A is a constant. 
dt Convection 


Lapse rate (the temperature falls by 6° C/km as we 
move up) is an example of natural convection. Blood 
circulation, which helps in maintaining the temperature of 
the body, is an example of forced convection. 


Radiation The process by which heat is transferred 
directly from one body to another, without requiring a 
medium is called radiation. It is an electromagnetic radiation 
of wavelength 1 mm to 107 m. Velocity is equal to the speed 
of light. It can be detected by thermocouple, thermopile or 
radiometer, bolometer, and so on. 


Black Body A black body is capable of emitting or 
absorbing radiation of all possible wavelengths. Initially it 
was thought that a body which absorbs all possible radiation 
is only a black body. Later on emission characteristics were 
also included. 


The blackest body on the earth is lamp black. It is 
98% black. 


Prevost’s black body or Fery Platinum black body is 
shown in Fig. 10.8 


Lamp black 
coating 


Fig. 10.8 Black body 


Absorptive power The absorptive power of a substance 
is defined as the ratio of the radiant energy absorbed by it 
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in a given time to the total radiant energy incident on it in 
the same time. 


Spectral absorptive power 
a= N a,dA unit (Wm?) 


For a perfectly black body absorptive power is 1. 


Emissive Power (e) Radiant energy emitted per unit 
area of the surface. However, if we consider emissive power 
of a surface for a particular wavelength, it is called spectral 
emissive power. ‘Spectral emissive power of a perfectly 
black body at that temperature.’ Thus for a body having e 
and a as emissive and absorptive power 

e E E _ 


a A 1 


where E = emissive power of a black body 


It implies a good.absorber is also a good emitter 
(radiator). 


FraunhoferLines These are the dark lines in the spectrum 
of the sun and are explained on the basis of Kirchhoff’s 
Law. White light emitted from core (photosphere) of the 
sun, when it passes through its atmosphere (chromosphere), 
radiations of those wavelengths will be absorbed by the gases 
present there, which they usually emit (in emission spectrum) 
resulting in dark lines in the spectrum of sun. 


Stefan’s Law Radiant energy emitted per unit area per 
second (or emissive power or intensity) of a black body is 
directly proportional to the fourth power of temperature. 
E, œ T* or E, = oT" 
If the body is not perfectly black then 
E, = eoI where o = 5.67 x 10° Wm”K* 
Energy radiated per second or radiant power 
P, = eAoT* or | RAd A aT” 
Cooling by radiation Ifa body is at temperature T in an 


environment of temperature T, (< T), then body loses energy 
by emitting radiations at a rate 


P = eAoT™ 

and it receives energy by absorbing radiation at a rate 
4 

P,=eAoT, . 


So the net rate of heat loss is P = Per 
or P=eAo(T*-T,’) 


When a body cools by radiation, then rate of cooling 
depends upon the following factors: 


(a) Nature of the radiating surface, that is, 
emissivity Greater the emissivity faster will be 
the cooling. 


(b) Area of the radiating surface More the 
surface area of the radiating surface, faster will be 
the cooling. 
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(c) Mass of the radiating surface Greater the 
mass of the radiating body, slower will be the cooling. 


(d) Specific heat of the radiating body More 
the specific heat, slower will be the cooling. 


(e) Temperature of radiating body Higher the 


temperature, faster will be the cooling. 


(© Temperature of the surrounding Lesser the 
temperature of the surrounding, faster is the cooling. 


Newton's law of cooling The rate of cooling is 
proportional to the temperature difference between body 
and the surrounding provided the temperature difference is 
not very large from the surroundings. That is, 


Cooling curve 


Fig. 10.9 Newton's law of cooling illustration 


d0 


a0 =-K(6-6,) 
dt 
A, d@ t 

r laga bo NM 
l aia Kt 
Beg -0 T 


Fig. 10.9 shows the temperature vs time curve. 


If time intervals are equal and successive then, 


O, — = A; — Oy 
0, — 9, 0, — 9, 


Assuming temperature at t = 0 is @,, after first interval 
it is 7, and after second equal interval of time it is 6,. 


Solar constant The sun is a perfectly black body as 
it emits all possible radiations (e = 1). Solar constant S is 
defined as the intensity of solar radiation at the surface of 
the earth. That is, 


sa P _ 4nR*oT* 
Arr? dar? 


r= 1.5 x 10"! km 
(distance between the sun and the earth) 
R = 7 x 10° km (radius of the sun) 

2cal 


cm? min 


S = = 1388 W/m? 
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Wien’s displacement law When a body is heated, it 
emits all possible radiations. However, intensity of different 
wavelengths is different. According to Wien’s law the 
product of wavelength (corresponding to maximum intensity 
of radiation) and temperature of the body in Kelvin, is 
constant [See Fig. 10.10] 


Intensity——> 


ml des 


Wavelength, A————> 
Fig. 10.10 Wein’s displacement law illustration 


À T = b (constant) 
b = 2.89 x 102 m -K 


Planck's law Planck assumed that electromagnetic 
radiations are not emitted or absorbed continuously but in 
discrete packets of energy called quanta of photons. The 
energy associated with each photon is 


E = hy 


where h is Planck’s constant (=6.626 x 10 J —s). On the 
basis of quantum theory Planck showed that 


ahe? 1 
A’ he E 1 
ger 


Short Cuts and Points to Note 


1. Thermal conductivity 


E (A) = 


dQ _ KA(T, -T) =. KA aT 
dt l dx 
dQ l 
thermal = d > thermal = ? Vena = (7, = ra) 
A 


Laws of resistances in series and parallel and 
Kirchhoff’ s junction law are valid even in thermal 
conductance. 


2. Thermometric conductivity (D) 


p= ZS when K —> thermal conductivity 
pC 
p — density 


C > specific heat 


If o is electrical conductivity then according to 
Weidemann—Franz Law 


K 
—_. =constant 
oT 


Heat Transfer Processes 


Growth of ice in a pond 
dy K@ 1 

— =—xX— ort= 
dt pL y 

where L is latent heat of fusion of ice 


The ratio of times for thickness of ice 0 to y: y to 
2y:to3y::1:3:5. 


dQ 4nnr, 
— =K7—__, (6,-6,) ina hollow sphere and 8 
dt (r-r) 
b (r-a) 
=0 -— (8 — @,) (temperature at any point 


1 
(=n) 


distant r from the centre) 


In a cylinder of radius r, and r, and length / 
dQ 2xKJ(6,-4,) 
dt A 


é 


h 


log 


and temperature at any point distant r from the 
centre 


Convection can be natural or forced. 


i = hAdo 


convection 


It occurs in fluids 


Lapse rate — Temperature falls by 6° C/km when 
we move up and this is an example of natural 
convection. Forced convection of blood by heart (as 
a pump) in body helps to maintain the temperature 
of body at 37° C. 


Radiation: Heat transfer process without requiring 
medium. Heat radiations are em waves lying in JR 
and microwave range. Radiations exert pressure. A 
black body is capable of emitting or absorbing all 
possible radiations. Therefore, the sun is a black 
body. We can say that the radiations of a black body 
are white (having all wavelengths). 


7. 
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Radiations are detected using bolometer, thermopile, 
radiometer and so on. 


Lamp black, the blackest body on earth, is 98% 
black. 


Absorptive power 


amount of radiation energy absorbed in a given time 


10. 


total radiation energy incident in that time 
If spectral absorptivity is a, then total absorptivity 
a= I, e,dar 


Emissive power radiant energy emitted per unit area 
of the surface 


E= f adh 


Emissivity (e) It is the ratio of emissive power of 
a substance with respect to a perfectly black body. 
That is, 


Cbody 
E€ = 


E 


black body 

For a perfectly black body absorptivity or emissivity 
is 1. 

Kirchhoff’s Law: Ratio of emissivity to absorptivity 


of all bodies is fixed or constant and is equal to 
emissivity of a black body. 


^E (black body) 
a 


If implies a good absorber is also a good emitter. 


Stefan’s Law: E, = oT* for a perfectly black body 
and E, = eoT* for a body not perfectly black (e being 
emissivity). 


o = 5.67 x 10° W/m? 
Radiant power P, = e4oT* or f Erdh oc T* 


Dimensional formula of o = [MT? 0] 
Newton’s Law of Cooling 
d0 , d0 

0 or ele 


O, -Oo 
° 0, —6, 


any time f¢ is to be determined.) 


log = —Kt (Use this law if temperature at 


log 0 


7 (sec) 


11. 


[2; 


13. 


14. 


0, — Oy O; — Oy 
Use = 

0, 7 O, 0, — O, 
in order to find temperature in successive equal 
intervals. 0, is temperature at ¢ = 0, 0, after time t 
and 0, after a total time 2¢ or next interval of t. The 
law is valid if difference between temperature of 
the body and surroundings in not large ( ~30° C). 
Solar constant S = ain = 4aR°oT* 

4rr? 4rr? 

W/m’. For practical purpose, we can assume solar 
constant (s) to be 1400 W/m?. 
Temperature of sun = 6000 K. Dimensional formula 
for S = [MT?] 
Wein’s displacement law: 4 T = b = 2.89 x 
10° m —K. Higher the temperature shorter is the 
wavelength of maximum intensity. 


= 1388 


Use 4 „T, =4_,T, if temperature or wavelength of 
a body is to be determined and that of the other is 
known; for example, for one star 4 „and T, is known 
and À „or T, is to be determined. 


Planck’s Law is based on quantum nature of 
radiations. It assumes that discrete energy packets 
called photons are emitted or absorbed. 


E=hv= i where c — speed of light 
Intensity J œ = for a point source and amplitude 


l 
A «—— for a cylindrical source. 


Jd 


Caution 


l. 


When you forget to take total length in case of 
series and total area in case of parallel while finding 
effective thermal conductivity 


In series R = R, + R, 


and 
K osr Ace K,A, K,A, 


K 


2 


or 


= 
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l 1 
In parallel — = — +— 
R R R 
K sr (A, +A,) = K,A, 4 K,A, 
I I I 
K.A, +K,A, 
eff — A, +A, 


Confusing how to find temperature of the junction 
(or at any other point) like the one shown in Figure. 


Apply Kirchhoff’s law, that is, i = i, + i, and so on 
Considering freezing of lake as a convection 
process. 
It is a conduction process and time taken to freeze 
a depth y is given by 

_ ply 


K@ 2 
Considering that conduction does not occur in 
liquids or gases. 


It does occur but it is quite small as compared to 
solids. 
Considering any black colour object as a black body. 


Black body is one which is capable of emitting or 
absorbing all possible radiations. Thus even the sun 
is a black body. 


Considering Stefan’s law can be applied only to 
perfectly black bodies. 


True, but the modified form of Stefan’s law (E, = 
eol™, where e is emissivity of a body) can be applied 
to any body. 


Considering that only black coloured objects absorb 
radiations. 


According to Kirchhoff’s law a good absorber is 
also a good emitter. Hence they emit radiations too. 


Confusing emissive power and emissivity. 


Emissivity is emissive power of a body compared 
to a black body. 


Not remembering value of o or b (Wein’s 
displacement Law) 


o = 5.67 x 10° W/m’; b= 2.89 x 10 m —- K 
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10. Considering that Newton’s law of cooling can be 


applied for any temperature difference between hot 
body and surrounding. 


PRACTICE EXERCISE 1 
(SOLVED) 


When a yellow piece of glass is heated in a dark room, 
then it emits light of 
(a) yellow colour 
(c) blue colour 


(b) red colour 
(d) green colour 


The radiation force due to source of power P on a 
perfectly reflecting surface will be 


ay L o) 22 
3c € 
e E d) sË 
2c C 


Two rods of equal length and diameter but of thermal 
conductivities 2 and 3 units respectively are joined in 
series. The thermal conductivity of the combination is 
(a) 6 (b) 5 

(c) 1 (d) none of these 


Ice starts forming on the surface of a lake and takes 8 
hours to form a layer of 1 cm thick. How much time will 
it take to increase the thickness of the layer to 2 cm? 
(a) 8 hours 

(b) Less than 8 hours 

(c) Between 8 and 16 hours 

(d) More than 16 hours 


The rate of loss of heat by radiation from a body at 400° 
Cis R. The radiation from it when the temperature rises 
to 800° C is 
(a) 16 R 
(c) 2R 


(b) 4R 
(d) none of these 


The energy of a photon of wavelength 6000 Å in eV 
will be 

(a) 1.06 eV 
(c) 2.06 eV 


(b) 0.206 eV 
(d) 20 eV 


A point source of 6 watt emits monochromatic light of 
wavelength 5000 Å. The number of photons striking 
normally per second per unit area of the surface distant 
5 m from the source will be 

(a) 4.82 (b) 4.82 x 10+ 

(c) 4.82 x 10° (d) 4.82 x 10" 


Five rods of the same dimensions are arranged as 
shown. They have thermal conductivities k, k,,k,,k, 
and k.. When points A and B are maintained at different 
temperatures, no heat flows through the central rod. It 
follows that 


> 


10. 


11. 
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It is applicable only when difference between the 
temperature of the body and surroundings is not 
very large (~20 — 30° C). 


(b) k/k, = k/k, 
(d) kik, = kk, 


(a) k = k, and k,= k, 
(c) kk, = kk, 


One end of the uniform rod of length 1 m is placed in 
boiling water while its other end is placed in melting 
ice. A point P on the rod is maintained at a constant 
temperature of 800°C. The mass of steam produced per 
second is equal to the mass of ice melted per second. If 
specific latent heat of steam 1s 7 times the specific latent 
heat of ice, the distance of P from the steam chamber 
must be 


(a) T (b) T 
9 

(c) m (d) i 
7 10 


In a 10-meter deep lake, the bottom is at a constant 
temperature of 4°C. The air temperature is constant at 
—4°C. The thermal conductivity of ice is 3 times that of 
water. Neglecting the expansion of water on freezing, 
the maximum thickness of ice will be 

(a) 7.5m (b) 6m 

(c) 5m (d) 2.5m 


50°C 


100°C 


0°C 


Three rods of the same dimensions have thermal 
conductivities 3k, 2k and k. They are arranged as 
shown, with their ends at 100° C, 50°C and 0°C. The 
temperature of their junction is 


10.8 
(a) 75°C 6) ec 
(c) 40°C a) eoc 
3 
12. A and B are two points on a uniform metal ring whose 


13. 


14. 


15. 


16. 


17. 


18. 


centre is C. The angle ACB = @. A and B are maintained 
at two different constant temperatures. When 0 = 180°, 
the rate of total heat flow from A to B is 1.2 W. When 
0 = 90°, this rate will be 
(a) 0.6 W 
(c) 16 W 


(b) 0.9 W 
(d) 1.8 W 


A body with an initial temperature 0 is allowed to 
cool in surrounding which is at a constant temperature 
of 0,(0,<0,). Assume that Newton’s law of cooling is 
obeyed. Let k = constant. The temperature of the body 
after time t is best expressed by 

(a) (0-@)e* (b) (@—@,) In (kt) 

(c) (0+ (0—0 )e™ (d) 0 e*-0, 


The temperature of an isolated black body falls from 
T to T, in time ¢. Let c be constant. 


A point source of heat of power P is placed at the centre 
of a spherical shell of mean radius R. The material of 
the shell has thermal conductivity k. If the temperature 
difference between the outer and inner surfaces of the 
shell is not to exceed T, the thickness of the shell should 
not be less than 


4m kR’T 4m kR? 
(a) (b) 
P TP 
2 2 
(c) 42 R°T (d) 4zR°P 
kP kT 


A black body is at a temperature of 2880 K. The energy 
of radiation emitted by this object with wavelength 
between 499 nm and 500 nm is U,, between 999 nm 
and 1000 nm is U, and between 1499 nm and 1500 nm 
is U,. The Wien constant is b = 2.88 x 10° nm K. 

(a) U,=0 (b) U,=0 

(c) U >U, (c) U, > U, 


A planet is at an average distance d from the sun, and 
its average surface temperature is T. Assume that the 
planet receives energy only from the sun, and loses 
energy only through radiation from its surface. Neglect 
atmospheric effects. If T œ d™, the value of n is 

(a) 2 (b) 1 


1 1 
= d) — 
os cae 


The power radiated by a black body is P, and it radiates 
maximum energy around the wavelength 4,. If the 


19. 


20. 


21. 


2A 
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temperature of the black body is now changed so that 
it radiates maximum energy around a wavelength 3/ /4, 
the power radiated by it will increase by a factor of 


Ce (by 16 
3 9 

(cy) Of (a) 22° 
27 g1 


A body cools in a surrounding which is at a constant 
temperature of 0. Assume that it obeys Newton’s law 
of cooling. Its temperature 0 is plotted against time t. 
Tangents are drawn to the curve at the points P(@ = 0) 
and Q(@ = @,). These tangents meet the time axis at 
angles of o, and b as shown. 


(a) tan 0, 6, — 6, (b) tan A 0, 6, 
tang, 0,-0, tang, 4-4 

(c) tang, _ 0, (d) tang, _ 0, 
tang, 98, tang, 0, 


Asystem S receives heat continuously from an electrical 
heater of power 10 W. The temperature of S become 
constant at 50°C when the surrounding temperature 
is 20°C. After the heater is switched off, S cools from 
35.1°C to 34.9°C in 1 minute. The heater capacity of 
S is 

(a) 100 JPC 
(c) 750 JPC 


(b) 300 JPC 
(d) 1500 JPC 


Three rods made of the same material and having the 
same cross-section have been joined as shown in the 
figure. Each rod is of the same length. The left and 
right ends are kept at 0°C and 90°C respectively. The 
temperature of the junction of the three rods will be 


90°C 
0°C 
90°C 
(a) 45°C (b) 60°C 
(c) 30°C (d) 20°C 


A black body radiates power P and maximum energy is 
radiated by it around a wavelength J. The temperature 
of the black body is now changed such that it radiates 
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23. 


24. 


25. 


26. 


2d; 


maximum energy around the wavelength 3%. The 


power radiated by it now is 


(a) 26> (b) tp 
81 9 

c) Stp (d) +p 
27 3 


Two identical rods are joined in parallel with their one 
end at 0°C in an ice bath and the other end maintained 
at 100°C. The rate of melting of ice is q, g/s. When the 
rods are joined in series, the rate of melting of ice is 


q, g/s. Find te 
qı 
(a) 4 


(c) 4 
4 


(b) 2 
(a) 4 
2 


Two metallic spheres S, and S, are made of the same 
material and have got identical surface finish. The mass 
of S is thrice that of S,. Both the spheres are heated to 
the same high temperature but are thermally insulated 
from each other. The ratio of the initial rate of cooling 
of S, to that of S, is 


1 

1 \3 1 
o ($) » 4 

3 B 

J3 1 10 

(c) = (d) 2) 

1 3 
A substance of mass m kg requires is power input of P 
watts to remain in the molten state at its melting point. 
When the power is turned off, the sample completely 


solidifies in time t second. What is the latent heat of 
fusion of the substance? 


@ 22 () Pi 
t m 
(cy) (dy) 
Pt Pm 


The average translational kinetic energy of O, (molar 
mass 32) molecules at a particular temperature is 0.48 
eV. The translational kinetic energy of N, (molar mass 
28) molecules in eV at the same temperature is 

(a) 0.0015 (b) 0.003 

(c) 0.48 (d) 0.768 


In a composite rod, when two rods of different lengths 
and of the same area of cross-section are joined end 
to end, then if K is the effective coefficient of thermal 


conductivity, are is equal to 
K 
L ol l l 
(a) —-— (b) —-— 
K, K, K, K, 
(c) h h (d) h hb 
K K K, K 


28. 


yao) 


30. 


31. 


32: 


33. 


34. 


A D 
200°C B C 20°C 


Six identical conducting rods are joined as shown in 
figure. Points A and D are maintained at temperatures 
200°C and 20° respectively. The temperature of 
junction B will be 
(a) 120°C 
(c) 140°C 


(b) 100°C 
(d) 80°C 


Three rods of identical cross-sectional area and made 
from the same metal from the sides of an isosceles 
triangle ABC, right angled at B. The points A and B are 
maintained at temperatures T and J2T respectively, 
in the steady state, the temperature of point C is T- 
Assuming that only heat conduction takes place, T/T is 


1 3 
_ b a 
a Srp Maen 
1 


1 
(c) — (d) —=— 
V¥3(V¥2 -1) (541) 


Two metallic spheres S, and S, are made of the same 
material and have got identical surface finish. The mass 
of S, is thrice that of S,. Both the spheres are heated to 
the same high temperature and placed in the same room 
having lower temperature but are thermally insulated 
from each other. The ratio of initial rate of cooling of 
S, to that of S, is 


(ay t 


3 
©) 3/1 


The power radiated by a black body is P, and it radiates 
maximum energy around the wavelength /,. If the 
temperature of the black body is now changed so that it 
radiates maximum energy around a wavelength 34, /4 
the power radiated by it will increase by a factor of 
(a) 4/3 (b) 16/9 

(c) 34/27 (d) 256/81 


(b) 1/3 
(d) (1/3)"3 


A spherical black body with a radius of 12 cm radiates 
450 W power of 500 K. If the radius were half and 
temperature doubled, the power radiated in watt would 
be 

(a) 225 
(c) 900 


(b) 450 
(d) 1800 


A bucket full of hot water is kept in a room and it cools 
down from 75°C to 70°C in T, minutes, from 70°C to 
65°C in T, minutes, from 65°C to 60°C in T, minutes. 
Then 

(a) T =T, =T, 
(c) T> T >T, 


(b) T <T, <T, 
(d T <T, >T, 


If the temperature of a radiating body increases by 50%, 
the increase in its radiation is about 

(a) 50% (b) 100% 

(c) 200% (d) 400% 
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35. 


36. 


3l 


38. 


A block of steel heated to 100°C is left in a room to cool. 
Which of the curves represents the cooling behaviour 
the steel block. 


S 


temperature 


time 
(a) A (b) B 
(c) C (d) D 


If the temperature of a radiating body increases by 50%, 
the increase in its radiation is 

(a) 50% (b) 100% 

(c) 200% (d) 400% 


Two bodies A and B of same emissivity are placed in an 
evacuated vessel maintained at a temperature of 27°C. 
The temperature of A is 327°C and that of B is 127°C. 
The rates of heat loss from A and B will be nearly in 
the ratio 
(a) 5:1 
(c) 7:1 


(b) 4:1 
(d) 3:2 
The rate of heat flow through a cross-section of the 


rod shown in Figure is __. (0, > 0, and thermal 
conductivity of the material of the rod is K.) 


Answers to Practice Exercise 1 


1. 


(c) 2 (b) 3. (d) 4. 
(c) 9. (c) 10. (a) 11. 
(a) 16. (d) 17. (c) 18. 
(a) 23. (c) 24. (a) 25. 
(b) 30 (d) 31. (d) 32. 
(d) 37 (c) 38. (a) 39. 
EXPLANATIONS 


(c) One sees the complementary colour. 


(b) E = m c, or mc = £ 


c 
Change in momentum 
Ap = 2m,c = 2E 

C 


r-2-2/. Ep), 
dt C dt 


39. 


40. 
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(a) 


Kz (r +n) (0, —6,) 
4L 

Kz (r, +r) (9, -8,) 
L 

Kz (r, +r) (9, -6,) 
2L 


(b) 


(c) 


(d) 


Find the heat radiated per second by a body of surface 
area 12 cm’ kept in thermal equilibrium in a room at 
temperature 20° C. The emissivity of the surface is 0.8 
and o =6x 108 Wm°K~. 
(a) 4.2J 

(c) 0.042J 


(b) 0.42 J 
(d) 42J 


Two copper spheres, one of large size and the other 
small, are heated to the same temperature. Which will 
cool first? 

(a) Bigger 

(b) Smaller 

(c) Both in equal time 

(d) Insufficient data to reply 


5. (d) 6. (o) 7. (d) 
12. (c) 13. (c) 14. (c) 
19. (b) 20. (d) 214. (b) 
26. (c) 27. (c) 28. (c) 
33. (b) 34. (d) 35. (a) 
40. (b) 

Oo e a a 

Ke K K, i 2+3 


2 
B Useis . 
kO 2 


(d) Since the temperature of surrounding is T, and 
R=o(T'- T,). 


it will not be 16 times. 


He at 


10. 


11. 
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12420 ~ 9.07. 
6000 


6x10” 
An x5 x2.84x1.6 


(c) Elev) = 


(d)n= 


(c) This is analogous to a balanced Wheatstone bridge 


l 
R= LA etc., and R R, = R,R, for balance. 


l 


(c) 
Let Q, and Q, amounts of heat flow from P in any 
time ¢. Let m be the masses of steam formed and 
ice melted in time ¢. Let k and A be the thermal 
conductivity and the area of cross-section respectively 
of the rod. 
-1 
Q, = kA (en E steam 
x 
800-0 
27 (= x =m ice 
1 
Dividing, z m) a=) =7 
x 800 
or l-x= 8x 
1 
or x= —m. 
9 
(a) The rate of heat flow 1s the same through water and 


ice in the steady state. 


100°C 


pa 3ka Í (=4) 
10-x x 
x = (10-x) 3 


or x=7.5m 


(b) Let 6 = temperature of junction 


l l l 
R = Re rs ee 
} 3kA ’ 2kA” kA 
Use Kirchhoff’s first law to distribute current at the 
junction 


100-@=R I, 0 =50 = RI, 


r? 


0-0 =R, (1, -L ) 


12. 


or 


13. 


or 


or 


14. 


or 


15. 


16. 


or 


17. 
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(c) Let R = total thermal resistance of the ring, 

AT = difference in temperature between A and B 

For 8 = 180°, two sections of resitance *4 each are in 
parallel. Equivalent resistance = % 


AT 
Rate of total heat flow L s2 — = 
pA 
03- AT 
R 


For 8 = 90°, two sections of resitance *4 and 3R/ are 
in parallel. 


(%)C%) _ 3R 
Re +3R 16 


Equivalent resistance = 


Rate of total heat flow 


AT, 16 16 
L=—W = W=—x 0.3 W=16W. 
ye 3 R 3 


(c) Z- =—k(0 -Q o), where k = constant. 
t 
N f kai 
8 0-0; 0 


[in(Q-4, I, =- 
in (0-0) -In (6.-6,) =— kt 


(c) P = (4n°)(oT *) = ms (-) - Bn 
dt 3 dt 
Terc Re 
ere, R = 7 
PxerandRe« 1 
r 


T, dT t 
J T7 = (constant) I, dt 


7 1 E 1 
E 
(a) Area of spherical shell = 4r R? 


Rate of heat flow = P =k (47R : )- , where d = thickness 
of shell. 

(d) A_T = b = 2.88 x 10°nm K 

4 = 2-88x 10°nmK 


2880K 
The black body radiates maximum energy around /_. 


= 1000 nm. 


u, is greater than u, or u,. 
Also, energy is radiated at all wavelengths. 
u, u, #0 


(c) Let P = power radiated by the sun, R = radius of 
planet. 


= ———x TR 
Energy received by planet And? 
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Or 


Or 


or 


18. 


19. 


20. 


21. 


a 


Energy radiated by planet = (47R’)oT*. 


x mR? = (4r R° )oT*. 


For thermal equilibrium, i ; 
4nd 


(d) Let T, = initial temperature of the black body. 
AT, = b (constant) 

Power radiated = P, = c.T,* (c = constant) 

Let T = new temperature of black body. 
3A, 


<2 T= bail, 
or T -4o 
4\4 
Power radiated = c . T* = (c T‘) (= =P, (= 


dO 
(b) For 6-t plot, rate of cooling = on slope of the 
curve. i 


At P, 1 = jtan(180 — d,)| = tan >, = k(@, — @,), 
A 


where k = constant. 


At Q, Z = |tan(180 —¢,)| = tan $, = k(0,= 4). 
t 
tang, @,-0 
tang, 0-0, 


(d) Rate of loss of heat œ difference in temperature with 
the surroundings. 


At 50°C, 2 = k(50-— 20) = 10, where k = constant 
A 
k= 


At an average temperature of 35°C, 


a2 _ | (35 _ 20) Ws =5 Is. 
dt 3 


Heat lostin 1 minute= 22 x601=5 x601=3003=0. 


dt 
Fall in temperature = 0.2°C = A@. 
Q=cAé. 
Heat capacity = c = Q = U 1500 J/°C. 
A0 0.2°C 


(b) 


, oi _(4y 
(a) pT > p (=) = »'=(2) » 


23. 
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(c) The rate of melting of ice, when connected in parallel 
2KA(100-0) 


q, l and 
when connected in series q, œ% KA(100-0) ; 
: 21 
a_l 
qi 4 


Q 


24. (a) ae = 0 AT* but AQ = mCAT , 
t 


Z5. 


26. 


Èl, 


2 
AT E co AT* E coT* 7 3m \3 
At mC mC 


Where k is a constant, then 


1 l 
AT; Ar, (m, YỌ (1) 
AT, /At, \m 3 
(b) Heat lost in ¢t second = mL 


mL 
or heat lost per second = FY 


This must be the heat supplied for keeping the 
substance in molten state per second. 


(c) Average translational kinetic energy of a gas does 
not depend upon nature of gas but only on temperature 


(c) H=H, ... (1) 
Also (6, — @,) = (6, — @) + (@- @,) ... (2) 
A y - RAG —4) 
Leb 
(6-0) = “tht QB) 
KA 
K A(0 -0 
Akon a A 
L 
LH, 
OUS .. (4) 
K A 
Similarly 0 — 80 2n 5 
imilarly -0= kA .. (5) 


2 
Putting (3), (4) and (5) in equation (2), 
(Z+1)H L Fi L 
K K K, 
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28. (c) Equivalent electrical circuit will be as shown in 
figure 


A R R 
200°C 


R D 
20°C 


Temperature difference between A and D is 180° C 
which is equally distributed in all the rods. Therefore, 
temperature difference between A and B will be 60°C 
or temperature of B should be 140°C 


29. (b) As shown in figure given that T, >T,. So, heat flows 
from B to A through both the paths. Thus Heat flowing in 


KA[T V2 -T,]_ KA[T, -T| 


l Ly? 


BC= Heat flowing in CA 


T, 3 


T (2+) 


30. (d) mc (dO/dt) = oT* (4zr’) 

or (dO/dt) x (r?7/m) a. (i) 
... (il) 
From equation (1) and (2), (d@/dt) « (1/m!'”) 


1/3 1/3 
(dð ldt), _| m, -f5 
(dO@/dt), \ m, 3 
31. (d) Let T,= initial temperature of the black body. 
AT, = (constant) 


further, m = (4/3) zr? or r œ m!® 


Power radiated = P = c.T, (c = constant) 


PRACTICE EXERCISE 2 
(SOLVED) 


1. A man has a total surface area of 1.5 m’. Find the total 
rate of radiation of energy from the body. 
(a) 566 J (b) 682 J 
(c) 732 J (d) 782 J 
Solution (d) P, = cAT* 
= 5.67 x 10°? x 1.5 x (310% 
= 782 J 


32. 


33. 
34. 


393. 


36. 


37. 


38. 


39. 


40. 


1013 


Let T = new temperature of black body. 
3A, 


va aps Aola 
4 
Power radiated c.T* = (er3)( =P, (25) 
3 81 
E 450 P, 


AT A TŻ’ (500) (12)? (1000)*(6)" 


2 


P = 2x16 = 1800 W 


(b) 

(d) E=oT*,T becomes 1.5 T 
E'=o(15T) =oT* x(1.5) =5.060T* 

i.e., E'— E = 4.06 = 406% 


increase in radiation is about 400% 


(a) Since the rate of cooling dË is given by the slope 
dt 


of the curve, the slope of the curve should continuously 
decreases with time. 


(d) E=oT*,T becomes 1.5 T 
E'=o(1.5T) =oT*x(1.5) =5.060T* 
i.e, E'-E = 4.06 = 406% 


increase in radiation is about 400% 


R, _ (600)' -(300)' _ (6)'-@)' _ 1215 _ 


Ry (400)* = (300) (4)*=(3)" 175 
(R = Rate of heat loss) 
(a) r= Vin 
dð KA(0,-0,) Kznr,(0,-0,) 
da L L 
(b) P = eAoT* 


=0.8 x 12 x 10% x 6 x 10% x (293)* = 0.42 J 


(b) Smaller sphere (cooling o j 
mass 


Three identical rods A, B and C of equal lengths and equal 
diameters are joined in series as shown in the Figure. Their 
thermal conductivities are 2K, K and K/2 respectively. 
Calculate the temperature at two junction points. 
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(a) 85.7,57.1°C 
(c) 77.3, 48.3° C 


(b) 80.85, 50.3° C 
(d) 75.8, 49.3° C 


[MNR 1993] 
Solution (a)i i=in = ins 
ci E E 
] l 2l 
Ly 3T, 


2(100 - T) = (T, - T = 


T 
2(100 - T) = = 


2T 
or T, go = 85.7° C and T, =— = 57.1° C 
7 3 


3. Three rods of material x and three rods of material y 
are connected as shown in the Figure. All the rods are 
of identical length and cross-section. If the end A is 
maintained at 60° C and the junction E at 10° C, find 
effective Thermal Resistance. Given length of each rod 
= /, area of cross-section = A, conductivity of x = K and 
conductivity of y = 2K. 


(a) A (b) TW 
3KA 3KA 
oo o 
3l 3l 


Solution (b) BCED part forms a Wheatstone bridge 
Therefore equivalent circuit is shown as Figure. 


Net resistance is 
K., = Ray + Rap 


pp Rohe he Re 
3 


2R+4R 3 3 3KA 


R 
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4. Two spheres of same material have radii 1 m and 4m 
and temperature 4000 K and 2000 K respectively. The 
ratio of energy radiated per second is 


(a) 1 (b) 2 
(c) 4 (d) none of these 
[IIT 1988] 
P ecAT* (1) (4000) 1 
Solution (a) — =——_,=—, 5 =T 
P, eoA, Ti (4) (2000) 1 


5. The emissivity of a body of surface area 5 cm? and at 
temperature 727° C radiating 300 J of energy per minute 
is 


(a) 0.48 (b) 0.38 
(c) 0.28 (d) 0.18 
Solution (d) P = eAo T* 
o P 300/60 
= AoT* 5x107%5.67 x10 (1000)* 

6. A body cools in 7 minutes from 60° C to 40° C. The 
temperature after next 7 minutes will be ———. Given: 
temperature of surrounding is 10° C. 

(a) 32°C (b) 38°C 
(c) 22°C (d) none of these 
Solution (a) 421 -2-19 that is, O, = 28 
60-10 40-10° 
0-0, 0-90 
Using 4° = =— 
6-8, 8-9 


7. Bodies A and B have thermal emissivities of 0.01 and 


0.81 respectively. The outer surface areas of the two 
bodies are same. The two bodies emit total radiant 
power at the same rate. Find the temperature of B if 
the temperature of A is 5802 K. 

(a) 1634 K (b) 1734K 

(c) 1934 K (d) none of these 


Solution (c) Given P = e cA Tf =e,0A (i 


8. A 10 cm long copper rod is welded to 20 cm long 
steel rod each having cross-section A. If their thermal 
conductivities ar 386 Jm™' s'°C™ and 46 Jm™ s~! 
°C"! the temperature of the junction will be ___, 
(Given: copper end is at 100° C and steel rod end is at 
0° C.) 

(a) 87.5°C 
(c) 75°C 


(b) 79.3° C 
(d) 71.5° C 
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Solution (d) Let the junction temperature be T 


A Cu T Steel B 


K— 10cm — 0+*1!_ 20 cm 


ie ees or T=71.63° C 
T 386 


9. The temperature of a body falls from 40° C to 36° C in 
5 minutes. The temperature of the body will become 
32° Cin 
(a) less than 10 minutes (b) 10 minutes 
(c) more than 10 minutes (d) none of these 

) I c (0-0) 

dt 


As (@— @,) will decrease, it will take more time to cool. 


Solution (c 


10. A solid at temperature T, is kept in an evacuated 
chamber at temperature T, > T,. The rate of growth of 
temperature is proportional to 


(a) T, E T, (b) r =T 
(c) I -T? (d) T -TÍ 


Solution (d) P, =AeoT,* (rate of loss of radiant energy) 


P, = Aeo T; (rate of gain of radiant energy) 
Net rate of gain of radiant energy 
(P,- P) i (T; =T) 


11. Consider the radiations emitted by the human body. 

Which of the following statements is true? 

(a) Radiations lie in ultraviolet region 

(b) Radiations lie in infrared region 

(c) Radiations are emitted only during the day 

(d) Radiations are emitted during summer and 

absorbed during winter 
[CBSE 2003] 

Solution (b) Heat radiations lie in infrared and microwave 
regions. 


12. Two bodies are at temperature 27° C and 927° C. The 
heat energy radiated by them will be in the ratio 


(a) 1: 256 (b) 1:64 
(c) 1:4 (d) 1:16 
[DPMT 2002] 
H, T* (300) 1 
luti pai) <2 
SCIUKON ¢ H, Tý \1200/ 64 


13. The temperature of a black body increases from T to 2T. 
The factor by which the rate of emission will increase is 


(a) 2 (b) 4 
(c) 8 (d) 16 
[BHU 2003] 
P (TY _1 
Solution (d) a(z] 16 


1015 


14. According to Newton’s law of cooling, the rate of 
cooling of a body is proportional to (A@)" where A0 
is the difference of temperature of the body and the 
surrounding and n is equal to 
(a) 3 (b) 4 
(c) 1 (d) 2 

[AIEEE 2003] 


Solution (c) Z x (8-0) 


or de oc AQ 


dt 


15. A black body at a temperature 77° C radiates heat at a 
rate of 10 calem™ s~!. The rate at which this body would 
radiate heat in units of calem™ s~! at 427° C is closest 


to 
(a) 40 (b) 160 
(c) 200 (d) 400 
[VMMC 2003] 
PB NON 
b Z- = 
Solution (b) P. E 


10 
= T or P, = 160 


2 


16. Three rods made of the same material and having 
the same cross-section have been joined as shown in 
Figure. Each rod is of the same length. The left and 
right ends are kept at 0° C and 90° C respectively. 
The temperature of the junction of the three rods 
is 


90°C 
0°C 

90°C 
(a) 45°C (b) 60° C 
(c) 30°C (d) 20°C 


[IT Screening 2001] 
Solution (b)7=7 +7, 
_ KA(90-T) _(0-T)KA 


l l 
_ (T-0)KA 
l 
or 3T= 180° C 


or T=60°C 
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90°C 


90°C 


17. An ideal black body at room temperature is thrown into 
a furnace. It is observed that 
(a) initially it is the darkest body and at later times the 
brighest. 
(b) itis darkest body at all times. 
(c) it cannot be distinguished at all times. 
(d) initially it is the darkest and at later times it cannot 
be distinguished. 
[IIT Screening 2002] 


Solution (a) According to Kirchhoff’s law good absorbers 
also are good emitters. 


18. The thermal conductivity of a rod depends on 

(a) length (b) mass 

(c) area of cross-section (d) material of the rod 
Solution (d) 


19. The top of an insulated cylindrical container is covered 
by a disc having emissivity 0.6, conductivity 0.167 
WK- m~ and thickness 1 cm. The temperature is 
maintained by circulating oil. 

(a) Find the radiation loss to the surroundings in 
Jm~’s~' if temperature of the upper surface of the 
disc is 127° C and temperature of the surroundings 
S2C. 

(b) Also find the temperature of the circulating oil. 
Neglect the heat loss dueto convection. 


Given: o = L x 1U N p- 
3 


Solution (a) The rate of heat loss per unit area due to 
radiation = eo (T*—T,*) = 0.6 [(400)* — 300)*] x 12 x 10-* = 
595 Jms- 

(b) Suppose temperature of oil is 8. The rate of heat 


flow through conduction = rate of heat loss due to 
radiation. 


0.167 x A (8-127) 
10”? 
0 = 162.3” C 


=595 A 


20. A point source of heat of power P is placed at the centre 
of a spherical shell of mean radius R. The material of 
the shell has thermal conductivity K. Calculate the 
thickness of the shell if temperature difference between 
the outer and inner surface of the shell in steady state 
is T. 
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Solution Consider a concentric spherical shell of radius x 
and thickness dx as shown in the Figure. The radial rate of 
flow 


dQ K4zab(0, = 0, ) 
or K= oF — n 
dt (b -a) 
is absorbed, 
H= P 
0 -0,=T 
anda=b=R 
4r R°kT 


5 (b-a) 


Anz R°KT 


In steady state no heat 


or (b-a)= 


21. A solid copper sphere (density p and specific heat C) 
of radius r at an initial temperature 200 K is suspended 
inside a chamber whose walls are at almost 0 K. What 
is the time required for temperature of the sphere to 
drop to 100 K? 

[IT 1991] 


Solution According to Stefan’s law, P = eAoT* 
dQ -mcdT 
dt - dt 
-dT -eAoT* 
dt - mc 

-dT e4nr’oT* 
dt - pAarc 


= eAoT* 


or 


or —— | — = 


| 
or f= —- 717 = 
a 200 
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22. A liquid takes 5 minutes to cool from 80° C to 50° C. 
How much time will it take to cool from 60° C to 30° 
C? Temperature of the surrounding = 20° C 


[MNR 1996] 


Solution -Z =K (80-0) 


or t= 10 minutes 


23. A wire of length 1.0 m and radius 10° m is carrying a 
heavy current and it is assumed to radiate as a black body. 
At equilibrium its temperature is 900 K while that of the 
surroundings is 300 K. The resistivity of the material of 
the wire at 300 K is z x 10 ohm~™ andits temperature 
coefficient of resistance is 7.8 x 10 C7 Find the current 

in the wire. Given: o = 5.68 x 10? Wm” K=. 
[Roorkee 1994] 


solution P = cA (T*- TŻ) 
=0 2arl (T*- T$) 
= 5.68 x 10°° (27 x 10°° x 1) [(900)* —(300)*] 
= 73.6r W 


P=PR=Pp £ 
A 
=P È p [1+aAd] 
A 


P xn? x10” [t+ 7:8x10° (900 - 300) | 


6= 
° z(i0°) 


or [=36A 


24. A space object has the shape of a sphere of radius 
R. Heat sources ensure that the heat evolution at a 
constant rate is distributed uniformly over its volume. 
The amount of heat liberated by a unit surface area is 
proportional to the fourth power of thermodynamic 
temperature. In what proportion would the temperature 
of the object change if its radius is decreasesd to half? 


[Olympiad 1997] 


Solution Heat liberated Z oc R? and Z oc RT! 
t t 


or TtocR 


T R 
Thus —- =—— 
Tf R/2 


25. 
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l 


1.19 


that is, temperature decreases by a factor of 1.19. 


or T,= 


The room temperature is +20° C when outside 
temperature is -20° C and room temperature is + 
10° C when outside temperature is —40° C. Find the 
temperature of the radiator heating the room. 


[Olympiad 1994] 


Solution Applying Newton’s law, 


26. 


in case (1) 

K, (T- Ta) K (To 7 dai) 
and in case (2) 

K, (T- To) K (To D KY ) 
Dividing these equations 


T-T TAXA T-20 20-(-20) 


out | 


T-T, ES IPE T -10 7 10- (—40) 
or “10T = 600. 
or T=60°C 


A body cools from 50°C to 45°C in 5 min. and 45°C to 
40°C in 8 min. Find the temperature of the surrounding. 


6, -0, 
Solution Using t= 5108| -—— 


2l: 


50-6,] | 45-8, 
45-0, 40-6, 
Solving for 6, we get 6, = 34° C 


A heated body emits radiation which has maximum 
intensity near the frequency v,. The emissivity of the 
material is 0.5. If the absolute temperature of the body 
is doubled, the maximum intensity of radiation will be 
near the frequency 


2 b) 2 
(a) 2v (b) 5 
(c) 16v, (d) 8v, 


Solution (a) 1,7, =4,7, 


C C 
— T = = 2T, or v= 2v 
Vo y 
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10. 


11. 


PRACTICE EXERCISE 3 
(UNSOLVED) 


If the amount of heat incident upon a body is X calorie 
and it absorbs Y calorie out of it, then the coefficient 
of absorption will be 
(a) X+Y 

(c) Y/X 


(b) XY 
(d) X/Y 


There is a small hole in a hollow container. At what 
temperature should it be maintained in order that it 
emits one calorie of energy per second per meter’? 
(a) 10K (b) 100K 

(c) 200K (d) 500K 


In which part of the electromagnetic spectrum do the 
heat radiations lie? 
(a) Visible 

(c) Ultraviolet 


(b) Violet 
(d) Infrared 


The correct relation between the intensity of radiations 
(I) and distance (d) from the point source is 

(a) Ia 1/d (b) Tad 

(c) Io 1/d? (d) lad 


If the temperature of a black body is increased by 50% 
then the amount of radiation emitted by it will 

(a) decrease by 50% (b) increase by 50% 

(c) increase by 400% (d) decrease by 400% 


A black body at temperature T radiates energy at the 
rate of E Wm”. In reducing its temperature to T/2 the 
rate of energy radiation will be 

(a) E/16 (b) E/4 

(c) E/2 (d) <E 


A piece of red glass is heated till it starts shining in 
a dark room. The colour of this shining glass will 
be 

(a) violet 
(c) green 


(b) orange 
(d) red 


The value of solar constant is approximately 
(a) 1340 watt/m” (b) 430 watt/m? 
(c) 340 watt m? (d) 1388 watt/m7? 


The material of prism used for obtaining spectrum of 
heat radiations is 
(a) rock salt 

(c) flint glass 


(b) quartz 
(d) crown glass 


Fraunhoffer lines are the result of which of the 
following phenomenon of radiation? 

(a) Scattering (b) Compression 

(c) Emission (d) Absorption 


On which of the following laws, does the constant 
volume thermometer work? 

(a) Gay Lusac’s law (b) Dalton’s law 

(c) Boyle’s law (d) Charles’s law 


12; 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


2i: 
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The amount of thermal radiations emitted from one 
square centimetre area of a black body in one second 
when at a temperature of 1000 K is 

(a) 5.67 J (b) 56.7 J 

(c) 567 J (d) 5670 J 


How is the velocity of thermal radiations (v) related to 

the velocity of light (c)? 

(a) v<c 

(b) v>c 

(c) v=c 

(d) The relation depends upon the wavelength of the 
radiations 


The Kirchhoff’s law leads to the conclusion that the 
good radiators of thermal radiations are 

(a) good absorbers (b) bad absorbers 

(c) thermal insulators (d) none of these 


Given that p Joules of heat is incident on a body and 
out of it q Joules is reflected and transmitted by it, the 
absorption coefficeient of the body is 

(a) (q - p)ip (b) qip 

(c) (p -gip (d) p/q 


A graph is drawn between 4 and FÀ. The area A under 
the graph is related to the absolute temperature as 

(a) A œ T+ (b) A œT? 

(c) Ax T (d) Aœ T 


Corresponding to a given temperature, there is a 
wavelength 4 „for which the intensity of heat radiations 
is 

(a) maximum 
(c) zero 


(b) constant 
(d) minimum 


On which one of the factors does the nature of the 
thermal radiation depend inside an enclosure? 

(a) Size of the enclosure 

(b) Temperature 

(c) Nature of the walls 

(d) Colour of the walls 


Thermal radiations are similar to 
(a) a rays (b) X-rays 
(c) cathode rays (d) none of these 


A hot and a cold body are kept in vacuum separated 

from each other. Which of the following causes 

decrease in temperature of the hot body? 

(a) Conduction 

(b) Radiations 

(c) Convection 

(d) The temperature of both the bodies remain 
unchanged 


Who explained the Fraunhofer lines in the spectrum of 
solar radiations? 
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22, 


23. 


24. 


25. 


26. 


ÈT: 


28. 


29. 


30. 


(a) Wein 
(c) Stefan 


(b) Fraunhofer 
(d) Kirchhoff 


The top of a lake is frozen. The air in contact with 
the surface of lake is at -15°C. Then the maximum 
temperature of the water in contact with the lower 
surface of ice will be 
(a) -7.5°C 

(c) 0°C 


(b) -4° C 
(d) 4°C 


A slab consists of two parallel layers of two 
different materials of same thickness having thermal 
conductivities K, and K,. The equivalent thermal 
conductivity of the slab is 


@) Ktk, w) 25K: 
K.K, K, +K, 
œo Ktk) (d) K, +K, 


In the steady state, the two ends of a metre rod are 
at 30° C and 20° C. The temperature at the 60th cm 
is 

(a) 22° C 
(c) 24° C 


(b) 23° C 
(d) 25° C 


Two stars A and B radiate maximum energy at 3600 
A and 4800 A respectively. Then the ratio of absolute 
temperature of A and B is 
(a) 256: 81 

(c) 4:3 


(b) 81: 256 
(d) 3:4 


A bucket full of hot water is kept in a room. It cools 
from 75° C to 70° C in T, minutes, from 70° C to 65° 
C in T, minutes and from 65° C to 60° C in T, minutes. 
Which of the following relation is correct? 
(a) T,>T,>T, (b) T <T, <T; 
(c) T <T, >T, (d) T =T, =T, 


The spectral energy distribution of the sun (temperature 
6050 K) has a maximum at 4753 A. The temperature 
of a star for which this maximum is at 9506 A is 

(a) 24200 K (b) 12100 K 

(c) 6050 K (d) 3025 K 


The temperature of a piece of metal is raised from 27° C 
to 51.2° C. The rate at which the metal radiates energy 
increases nearly 
(a) 1.36 times 
(c) 4times 


(b) 2 times 
(d) 8 times 


If K denotes coefficient of thermal conductivity, d the 
density and C the specific heat, the unit of X, where X 
= K/dc, will be 
(a) cm sec 

(c) cm sec”? 


(b) cm? sec” 
(d) cm? sec"! 


A 40 watt bulb converts 6% of its power to red light 
(wavelength 6500 A). The number of red light photons 
emitted by the bulb per second is 

(a) 100 (b) 4x 10'8 

(c) 8x 10!8 (d) 13x 10! 


31. 


32. 


33; 


34. 


35. 


36. 


37. 


38. 


39, 


40. 


41. 
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The energy emitted by a black body at 727° C is E. If 
the temperature of the body is increased to 227° C, the 
emitted energy will become 

(a) 13 times (b) 2.27 times 

(c) 1.9 times (d) 3.9 times 


A metallic sphere cools from 50° C to 40° C in 300 
seconds. If the room temperature is 20° C then its 
temperature in the next 5 minutes will be 

(a) 30° C (b) 33.3° C 

(c) 36° C (d) 38° C 


Two stars X and Y emit yellow and blue lights. Out of 
these whose temperature will be more? 

(a) That of Y 

(b) That of X 

(c) That of both 

(d) Sometimes X and sometimes Y 


A body cools from 62° € to 50° C in 10 minutes. If 
the temperature of the surroundings is 26° C then the 
temperature of the body after next 10 minutes will be 
(a) 42°C (b) 44°C 
(c) 46°C (d) 48°C 


An ideal black body emits maximum intensity of 
radiation of wavelength 5000 A at temperature 1227°C. 
If its temperature is increased by 10°°C then the 
maximum emission wavelength will be 
(a) 5000 A (b) 4000 A 
(c) 3500 A (d) 3000 A 


The maximum emission wavelength at temperature 2000 
Kis 4 zm. The maximum wavelength corresponding to 
temperature 2400 K will be 

(a) 0.66 x 10°m (b) 1m 

(c) 3.33 x 10°m (d) 10°m 


If the rates of cooling of two bodies are same then for 
which body will the rate of fall of temperature be more? 
For the body whose thermal capacity is 

(a) less (b) more 

(c) infinity (d) any value 


If the temperature of a body increases by 2% then 
energy radiated will increase by 

(a) 2% (b) 8% 

(c) 4% (d) 16% 


If the rate of emission of heat radiation of an ideal black 
body 1s made sixteen times then its final temperature 
will become 
(a) half 

(c) 4 times 


(b) doubled 
(d) 8 times 


Out of the following, which body is not an ideal black 
body? 

(a) Wien’s black body (b) Ferry’s black body 

(c) Coal (d) Sun 


The ratio of wavelength corresponding to maximum 
emission of radiation is 1 : 195. The ratio of their 
temperature will be 
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42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


32. 


(a) (195P: 1 
(c) 1: (1957F 


(b) 1:195 
(d) 195:1 


If the emissive and absorptive powers of a body are E 
and A respectively at temperature T then the emissive 


power of a black body will be 
(a) E/A (b) EAT 
(c) EA/T (d) A/E 


When the temperature of a body is equal to that of the 
surroundings then the body appears 
(a) in thermalequilibrium 


(b) red 

(c) cold 

(d) hot 

The hot water pipes used to heat up the room are painted 
(a) white (b) yellow 

(c) red (d) black 


On increasing the temperature of a body, the frequency 

(f___) corresponding to maximum emission of radiation 
max 

will 

(a) increase 

(b) decrease 

(c) first decrease and then increase 

(d) remain constant 


The coefficient of transmission for an ideal black body 
is 

(a) infinity 
(c) 1 


The temperature of a body is 3000 K. The wavelength 
correspoding to maximum emission of radiation will 
be 

(a) 1M 

(c) 9.76 x 107 m 


(b) zero 
(d) more than one 


(b) 1A 
(d) 48.8 x 107m 


The theoretical explanation of black body spectrum 
was given by 

(a) Lumer and Pringsheim ~ (b) 
(c) Stefan (d) Wien 


Planck 


The wavelength of yellow light is equal to the following 
mean of wavelengths of violet and red lights 

(a) square of mean (b) arithmetic mean 

(c) geometric mean (d) harmonic mean 


The amount of radiations emitted by a black body 
depends on its 
(a) size 

(c) temperature 


(b) mass 
(d) density 


If 40% of the radiations incident upon a body are 
absorbed and 30% are transmitted, then its coefficient 
of reflection will be 
(a) 1 

(c) 0.7 


(b) 0.4 
(d) 0.3 


The amplitude of radiations from a cylindrical heat 
source is related to the distance as 


2A; 


54. 


55. 
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(b) Ae 


Jd 


(d) Ax@ 


(a) Ax 1/d 
(c) Axcd 


The unit of Wien’s constant is 
(a) mK (b) m'K 
(c) mK"! (d) mK"! 


If the rate of emission of radiation by a body at 
temperature T(K) is E then the graph between log E 
and log T will be 


log E——> | 


(a) 


log T ——»> 


log E——»> 


(b) 


log T ——> 


log E——> — 


(c) 


log T— 


log E——> 


(d) 


log T——> 


Hot milk in a cup is to be drunk 5 minutes after pouring. 
When should sugar be mixed in it in order that it 
remains hot at the time of drinking? 

(a) Just after pouring 

(b) At the time of drinking 

(c) At any time 

(d) After some milk is taken 
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56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


The unit of Newton’s cooling constant is 
(a) cal/s (b) cal/s° C 
(c) cal/°C (d) °/C 


A body in a laboratory takes 4 minutes to cool from 
61°C to 59°C. If the laboratory temperature is 30°C then 
the time taken by it to cool from 51°C to 49°C will be 
(a) 8 min (b) 6 min 
(c) 5min (d) 4min 


The frequency of ultraviolet rays is 
(a) 10 Hz (b) 10 Hz 
(c) 108 Hz (d) 10! Hz 


In which part of the electromagnetic spectrum is the 
wavelength of 4000 A situated? 

(a) In invisible part (b) In visible part 

(c) In ultraviolet part (d) In infrared part 


The ratio of radii of two spheres of metal is 1 : 2. The 
ratio of the amounts of radiation emitted by them at 
same temperature will be 
(a) 1:4 
(c) 2:1 


(b) 1:8 
(d) 8:1 


The solar heat and light reach the earth via 
(a) radiation (b) conduction 
(c) convection (d) all of these 


Pervost’s theory of heat exchange is not applicable at 
temperature 
(a) O°R 
(c) OK 


(b) 0°C 
(d) 0° F 


Two bodies A and B are kept in an evacuated chamber 
at 27° C. The temperature of A and B are 327° C and 
427° C respectively. The ratio of rates of loss of heat 
from A and B will be 
(a) 0.25 
(c) 1.52 


(b) 0.52 
(dome, SD 


The time taken by the solar radiations to reach earth is 
approximately 
(a) 8.3 hr 

(c) 8.3 min 


(b) 1.3 min 
(d) 8.3 sec 


An ideal black body emits radiations at the rate of 5.67 
watt/cm?. It temperature will be 

(a) 10K (b) 10? K 

(c) 10° K (d) 10*K 


On making the temperature of an ideal black body three 
times, its maximum intensity of radiation will become 
(a) 9 times (b) 27 times 

(c) 81 times (d) 243 times 


The wavelength corresponding to maximum emission 
of solar radiations is 
(a) 8000 Å 

(c) 457 Å 


(b) 4753 Å 
(d) 753 Å 


ATV centre tranmits 10 kilowatt of power at 150 MHz. 
The energy of a photon of electromagnetic wave is 


69. 


70. 


71. 


a2. 


Fier 


74. 


T3. 


76. 


T1. 


78. 
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(a) 6x 10°7J 
(c) 6x 107) 


(b) 6x 107 eV 
(d) 6x 10" eV 


A cup of tea cools from 80° C to 60° C in the first minute 
when the temperature of the surrounding is 30° C. The 
decrease from 60° C to 50° C will be in next 

(a) 1 min (b) 50 sec 

(c) 48 sec (d) 30 sec 


The spectral emission power of a black body at 6000 K 
is maximum at 5000 Å. If the temperature is increased 
by 10% then decrease in the value of å will be 

(a) 10% (b) 7.5% 

(c) 5.0% (d) 2.5% 


If the temperature of an iron rod is doubled then the 
amount of radiation emitted by it, as compared to its 
initial value, becomes 
(a) 1/2 

(c) 4 times 


(b) equal 
(d) 16 times 


A body of surface area 5 cm’ and temperature 727° C 
emits 300 joules of energy per minute. Its emissivity 
will be 

(a) 0.18 
(c) 0.81 


(b) 0.28 
(d) 1 


In the Orion stellar system the shining of a star is 17 
x 10° times that of the sun. If the temperature of the 
surface of the sun is 6 x 10° K then the temperature of 
this star will be 
(a) 273K 

(c) 6520K 


(b) 652 K 
(d) 68520 K 


If a body emits 0.3 watt energy at 27° C then the amount 
of energy emitted by it at 627° C will be 

(a) 2.42 watt (b) 0.242 watt 

(c) 24.3 watt (d) 0.9 watt 


The surface area of a black body is 5 x 10 m? and its 
temperature is 727° C. The amount of radiation emitted 
by it per minute will be 
(a) 0.17J 
(c) 170J 


(b) 17J 
(d) 1701J 


If the temperature of the sun is doubled then the 
maximum emission wavelength as compared to its 
initial value will be 
(a) 1/4 

(c) double 


(b) 1/2 
(d) 4 times 


A sphere of radius R, density D and specific heat 
S is heated to temperature 0 and surrounding is at 
temperature @,. Its rate of fall of temperature will be 
proportional to 
(a) DS/R 

(c) 1/RDS 


(b) R/DS 
(d) RDS 


If the maximum emission wavelength of radiations 
emitted by the moon and the sun are 10~* m and 0.5 x 
10° m respectively, then the ratio of temperature of the 
sun and the moon will be 
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(a) 1/100 (b) 200/1 80. Three rods A, B and Chave the same dimensions. Their 
(c) 1/200 (d) 100/1 thermal conductivities are k,, k, and k, respectively. A 
and B are placed end to end, with their free ends kept at 
a certain temperture difference. C is placed separately 
with its ends kept at the same temperature differnce. 
The two arrangements conduct heat at the same rate k, 


79. Three rods A, B and C have same dimension. Their 
thermal conductivities are k,, k, and k,. They are 
placed individually, with their ends kept at the same 
temperature difference. The rate of heat flow through 


C is equal to the rate of combined heat flow through A caer te 
and B. k, must be equal to (a) k,+k, (b) k,kg 
k,k k, tk, 
(a) k, +k, Dy = 
k, +k, 1 K ks 
i Er (c) 5 ks +k) (d) 2 TF 
(c) —(k, +k,) (d) {At A TK, 
2 k, +k; 
Answers to Practice Exercise 3 
1. (c) 2. (b) 3. (d) 4. (c) 5 (6 6. (a) 7. (c) 
8. (d) 9. (a) 10. (d) 11. (a) 12. (a) 13. (c) 14. (a) 

15. (o) 16. (d) 17. (a) 18. (b) 19% (b) 20. (b) 21. (d) 
22. (o) 23. (o) 24. (o) 25. (o) 26. (b) 27. (d) 28. (a) 
29. (d) 30. (o) 31. (b) 32. (b) 33. (a) 34. (a) 35. (d) 
36. (0) 37. (a) 38. (b) 39. (b) 40. . (c) 41. (d) 42. (a) 
43. (a) 44. (d) 45. (a) 46. (b) 47. (o) 48. (b) 49. (b) 
50. (o) 51. (d) 52, (b) 53. (å 54. (b) 55, (a) 56. (b) 
57. (b) 58. (a) 59. (b) 60. < (a) 61. (a) 62. (o) 63. (b) 
64. (o) 65. (o) 66. (c) 67. (b) 68. (b) 69. (o) 70. (a) 
71. (d) 72. (a) 73. (d) 74. (©) 75. (d) 76. (b) 77. (o) 
78. (b) 79. (a) 80. (b) 
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Electric charges: Conservation of charge, Coulomb's law-forces between two point charges, forces between 
multiple charges; superposition principle and continuous charge distribution. 


Electric field: Electric field due to a point charge, Electric field lines, Electric dipole, Electric field due to a dipole, 
Torque on a dipole in a uniform electric field. Electric flux, Gauss’s law and its applications to find field due to 
infinitely long uniformly charged straight wire, uniformly charged infinite plane sheet and uniformly charged thin 


spherical shell. Electric potential and its calculation for a point charge, electric dipole and system of charges: 
Equipotential surfaces, Electrical potential energy of a system of two point charges in an electrostatic field. 
Conductors and insulators, Dielectrics and electric polarization, capacitor, combination of capacitors in series 
and in parallel, capacitance of a parallel plate capacitor with and without dielectric medium between the 
plates, Energy stored in a capacitor. 


BRIEF REVIEW 


Charge The fundamental property of matter with which 
it exerts coulomb force is called Charge. It is.of two types, 
Positive and Negative. Like charges repel and unlike charges 
attract. A charged particle is capable to attract even an 
uncharged particle. GLE (Gold Leaf Electroscope) issued 
to detect charge. Charge is measured using electrometers. 
The unit of charge is Coulomb. The charge on electron or 
proton is termed as natural charge and is the minimum unit 
of charge which can be transferred from one body to another. 


©. is called specific charge. e = 1.6 x 10°C. 

m 

Charge isConserved (a) Inan isolated system charge 
can neither be created nor destroyed (b) Total charge in the 
universe is constant (c) Charge can be created or destroyed 
but in equal and opposite pairs, for instance, a y-ray can split 
to an electron and a positron, i.e., 


If E (21.02 MeV) 


This process is called pair production. The electron and 
positron can combine to form y-ray again. Such a process is 
termed as pair annihilation. 


e+e y (E, = 1.02 MeV) 


Charge isquantised Charge on a body can be integral 
multiple of electronic charge. i.e., Q = +ne. If a body gains 


y rete 


electrons, it is said to be negatively charged and if it loses 
electrons, it is said to be positively charged. Though there 
are particles called quarks which may have charge ~ or mad ; 

3 3 
since these are generated during disintegration of nucleus 
(neutron, proton and so on) these cannot be transferred. 
Charge on an electron is 1.6 x 10°'°C. 


| esu = — C and lemu = 10 C 

A body can be charged by rubbing. For example, 
when glass rod and silk cloth are rubbed against each other, 
glass rod acquires positive charge and silk cloth, negative 
charge. We can also charge a body by induction and, by 
physical contact of an uncharged body with a charged body. 
A capacitor may be charged with a battery. 


Coulomb's Law If two point charges q, and q, 
are distance r apart then force between two charges (see 
Fig. 11.1) 


Fe qq, 


1 
and Fa — 
r 
qida 
4ne,r° 
of free space. 


E | F |= (in free space) where é, is permittivity 


11.2 


Nd 4:4 : . 
| F |= —— = = + — (ina medium) where 
4ne Er" 4re,kr 
En ° ° ° ° ° . 
€ = k= — is relative permittivity of the medium or 
Eo 


dielectric constant of the medium. 


Vector form of Coulomb law 


~ 


m _ 1a 
4NE,F 
= 9 x 10° Nm? C? 
A47&, 


& = 8.85 x 10- C? N! m? 
Note that E, is dimensionless. 


Coulomb’s law is valid if (i) charges are point charges 
or spherical charges (ii) distance r between the two charges > 
10" m. 


q; E 
@ --------------------------------- © 
1er 


Fig. 11.1 Coulomb force 


Dielectric is an insulator. It is of two types, polar and 
nonpolar. Polar dielectrics are those which have permanent 
dipole moment like water, 


é = 80 (1,0) 
and & = œ (metals) 


Hectric Field Intensity or electric field strengths the 
force experienced by a unit positive charge at that point 
when placed in an electric field of the given charge. Its unit 
is N/C or Vm". 


Je [=e E 
Aneor q 
> i 
In vector for m? È = Or = F 
4ne,r q 


Electric field vectors are of three types namely 7, P and D 


where D =6 E + P 
D is called electric displacement vector 

P= Eg (K-1) E is polarising vector. For vacuum 
K=1andP=0 


Electrets are the substances which do not follow 
P =s, (K-1) E 
—dy 


Further E = ae -_V V (in 3-dimension) 
x 


where V is electric potential. 


For equipotential surface E = 0 


Electrostatics 


Even work done to more from one point to another on 
equipotential surface = 0. 


If charge is not a point charge then linear charge density 


= g , surface charge density o = Q or volume charge 
l Area 
density p a a is determined. A small length dx (for 
Volume 


linear charge density), a small area ds (for surface charge 
density) or a small volume dv (for volume charge density) 
is considered to find a point charge. Write the equation of 
electric field/force using the small element and integrate. 
Electric field and electric force obey superposition principle. 
Electric field/force is conservative. 


Electric field lines or electric lines of force are 
imaginary lines originating from positive charge and 
terminating at negative charge, such that tangent at any point 
gives the direction of force. No two electric lines of force 
can intersect each other. 


Electric Fux The lines of force passing through a given 
area in an electric field is called electric flux. 


= | E.ds. If E and Sare mutually perpendicular then 
¢,= 0. The unit of electric flux is Nm?C and dimensional 
formula is [ML°T°A~']. It is a scalar quantity. 


Electric Potential The amount of work done to bring 
unit positive charge from infinity to that point against the 
electric field of a given charge without changing its kinetic 
energy or velocity. 


V= [ -E.dx = Q 
2 476 yr 


It is a scalar quantity and its unit is volt. 1 volt = = 
Its dimensional formula is [ML°T°A"]. 

Potential Difference 
AV =V,- V, 


= i —E.dr 


Potential hnergy 
Qq 


4rer 


U=qV 


Equipotential Surface is the surface, where potential 
is equal at every point. For a point charge, a sphere will 
be equipotential surface with point charge at the centre of 
the sphere. Equipotential surface for a long line charge is a 
cylinder with line charge along its axis. Equipotential surface 
for a dipole is shown in Fig. 11.2. 
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The work done in carrying a charge from one point to 
another along an equipotential surface is zero. 


The electric field lines are always perpendicular to the 
equipotential surface. 


Every conductor (metal) is an equipotential surface 
and hence electric field lines will emerge perpendicular to it. 


Electric field and surface charge density are maximum 
at pointed ends of a conductor. 


Note p E.dl = (0 


b= = 
and f Edi =V -V, 


Ox ôy Oz 


=- E RG LA V 
OX OY OZ 


i.e., V= 0 ET A is called gradient 
OX OY OZ 


Operator and is written as grad or del. 


— 


Fig. 11.2 Equipotential surface illustration for dipole 


Electric field intensity due to a shell (spherical) having 
char ge Q and radius R 


0 R 


Fig. 11.3 Electric field due to shell 


EE. =0 x<R 
inside 
surface = Ane R? x=R 
0 
outside = Ane x? x>R 
0 
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Electric potential due to a spherical shell (radius R, 


charge Q) 


R 


Fig. 11.4 Potential due to shell 


Q 


inside 4ne,R = 


Q 


out side = 4mée,R 


dE 


dE sinf 4 


Fig. 11.5 Electric field due to a line charge along 


x> R 


dE cos 0 + 
dE, dE,cos6 


----p dE sin 


equatorial line 


Q 


N ea 
276,xV L +4a? 


Electric field intensity due to a ring of radius R at a 
distance X on the axial line 


Fig. 11.6 Electric field due to ring 


E= Qx 


47€, (x +R? 


Electric field due to a finite line charge on perpendicular 
bisector 
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At the centre of the ring E = 0 
Electric field 1s maximum at 
R 
Ka 
Electric Potential at any point P due to a ring on axial line 


p= ae 
4re, Nx +R? 


X = 


V (centre of the ring) = 


4ze,R 


0 


Electric field due to a disc of radius R having surface 
char ge density o at a point P, distant x on the axial line 


(28, Vx? +R? 


oO 

If x + 0, i.e., at the centre of the disc, E = —— 
E 

0 


o 
Also E= on if R + œ, i.e., due to a long disc. 
Eo 


Electric potential V at any point P due to the disc along 
axial line 


V= | Ve +R -x| 
2E 
Dipole Moment P = q(2l). The direction of electric 


dipole moment p is from negative towards positive charge 
as shown in Fig. 11.7. 


Fig. 11.7 Dipole 


Electric field intensify due to a dipole 


(a) Along axial line 


2 px 
a= ~——> oo (see Fig. 116 
axial 4n6,(x° fy ( ce 1g ) 


e g E E 
eee ee eee eee ° - 4—eo—> 
— ] — |e i 


[— x+] — >| 


+ 


Fig. 11.8 Electric field due to a dipole along axial line 


for a short dipole x >> l 


2p 
axial Ane x? 
0 


Note the direction of electric field is parallel to electric 
dipole moment. 


Electrostatics 


Hectric potential along axial line 


__ Po 
axial 476, (x? -I1°) 


P , 
=_= — due to a short dipole. 
oe eR p 


(b) Electric field along equatorial line 


ro 2 P 
equatorial ATE, (x? + k aa 


Note that the direction of electric field is antiparallel 
to dipole movement as shown in Fig. 11.9 


—q 


— | ke ] — 
Fig. 11.9 Electric field along equational line 


PORR ares due to a short dipole 
Electric potential at any point along equatorial line 
V 0 


equatorial 


(c) Electric field due to a short dipole at any point P 


= —? _3cos? 0+ = JE, +E, 


int 3 
any point 476 )x 


tan 0 
2 


and tanp= 


Ji, 
q @—___4—_e ., 
1 ar oe 


l 
Fig. 11.10 Electric field due to a dipole at any point 


and E = “OV 

Ox 

—OV -OV 
and E = = 


y y  xðð 
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Special cases If 0 = 0, i.e., along axial line 
oa <P z due to a short dipole 
476 X 


If @=90°,1.e., along equaterial line cos 90 = 0, 


then E z , due to a short dipole. 


equaterial -T 4 TE 
0 


Electric potential due to a dipole at any point 
pcos@ 
any point 


4rs (x? ~I* cos’) 


pcos@ 


due to a short dipole. 
any point 


2 
4re x" 


Torque experienced by a dipole when placed in a uniform 
electric field E 

»~F = 0, i.e., no linear motion is possible 

tT=pxE = pE sin @ 
as illustrated in Fig. 11.11 


Fig. 11.11 Torque due to a dipole 


If @=0,t=0, equilibrium is stable. 

If @=90°,t=pE and is maximum. 

If @= 180°, t=0, equilibrium is unstable. 

Work done W = f t-d@ = pE (cos 0- cos 8) 

If 0 = 0, 0 = 180° (i.e., dipole is reversed) when 
W=2pE 

If 6,=0, 6,=90° 
W=pE 

Potential energy due to a dipole U =— pE cos 0 

If electric field is non-uniform then XF +0 and t #0 


then 


— — dE 
F = px— 
sf dx 
Potential Energy (PE) Itis the amount of work done to 
bring acharge g from infinity to that point against the electric 


field of a given charge Q without changing its KE. 


qQ 
Aner 


PE U = =qV 


Since the electrostatic force is conservative, therefore 
work done W = APE 


or W=U,- ya St} = q| V nat -V pitat | 


47 Final F initial 
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Force on a charged surface The repulsive force 
acting on an element due to rest of the charged surface is 
called electric force on a charged conducting surface as 
illustrated in Fig. 11.12 


Small element ds 


Fig. 11.12 Force on a charged surface 


aj 
Outside E=E +E, = rp (super position principle) 


0 
Inside E=E,-E,=0 
Note that electric field intensity due to a small element 


is equal to electric field intensity due to rest of the surface. 


O 
Hence E= —— near a charged surface 


Eo 
2 


2 
and force dF = © ds or F= [Zas 
LE, LE; 


Force dF o’ 


Area ds LE, 


Electric pressure P = 


In case of a soap bubble 
Pa el =P -P 


excess ST elect 
4T q’ 
r 2A 
Ds A ee E 
r U4rr Ye, r  32n°r'e, 
ae 4T_ € 
In case of equilibrium P. =P. > —-=——— 
ica r o 32AT E 
Electric field intensity on soap bubble to maintain equilibrium 
3T 
NTE, 


and electric potential to maintain equilibrium 


8Tr 
Vs u 
Eo 


Energy associated with electric field 


U = A o’dV 
26, 


= A | E?dV = where Vis volume of the whole field 


2 
E&E o’ 


U 
Energy density u = y 


2 26, 
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Charged Liquid Drop If n identical drops each of 
radius r and charge g join to form a big drop of radius R and 
charge Q then 
R=n'°r; Quie = 79 
E =n”E 
8 


bi 


small 
sail? Vii = ne V ai Osis = eT 

If a charged drop is in equilibrium in a given electric 
field then gE = mg as shown in Fig. 11.13 


gE 


mg 
Fig.11.13 Equilibrium of charged particle 


Equilibrium is Said to be Stable if È F = 0 and PE 
U = minimum. This is feasible if at extreme ends charges are 
similar and in between (where equilibrium is found) charge 
is Opposite in nature as shown in Fig. 11.14 


Fig. 11.14 Stable equilibrium 
Thus for stable equilibrium È F = 0 at A, Bor C 


2 
f l i q h no 1% 
For charge q’ to be in equilibrium — =—> or — = ,/—_ 
Ih ah d 
' $ 
For q, to be in equilibrium 77 ~z or 
to i qi (7, +r) 
t 2 
C AE y 
2 
qı (7, +r) 


A particle in stable-equilibrium will execute SHM 
if disturbed slightly along x or y direction. However, if 
disturbance x is large, motion is oscillatory but not SHM. 


For unstable equilibrium > F = 0 and PE U = 
maximum. 


This is possible if all charges are similar. Thus for q’ 
to be in equilibrium 


q 
die oe ee E Q= @7, 
<+—_ 1 + r — 
Fig. 11.15 
Nt AoA 
—_="7 or 7 
q> b da i3 


Note in this case equilibrium cannot occur at q, and q,. 
Moreover, particle will not execute SHM if slightly disturbed 
from its equilibrium position. Rather, it may move linearly. 
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Charged particle in motion 


Force F = qE 
ma=qE or 
a= qE 

m 


Velocity v after travelling a distance d using v? = 2ad is 


OP [2qEd 
m 


, ; ins Et 
Velocity after time ¢ if it starts from rest v = at = 2 


m 
Remember PE-ds =i 
Eo 
and $D-ds =q 
If a point/shell is grounded it means potential V = 0 
but q may not be zero: 


F 


E = electrostatic à 1039 
Fo gravitational 


Unit of dipole moment is Debye in atomic scale 
1 Debye = 3.3 x 10” C -m 

For a single charge E œ r°, V œ r! 

For a dipole E œ r?°; Væ r? 

For a quadrupole E œ r4, V œ r° 


Gauss’s Law is used as an alternative to Coulomb’s Law. 
Electric flux $ E = $ E.ds. Note that Electric flux does not 
depend on the radius R of the sphere. It only depends upon 
the charge q enclosed in the sphere. According to Gauss’s 
law the closed integral of electric field intensity is equal 


to + where q is charge enclosed in the closed surface. In 


0 
other words, total flux through a closed surface enclosing a 


charge q is given by $ E.ds -= 1 Note the following points: 


Eo 


1. IfEisatright angle to the surface area A at all points 
and has same magnitude at all points of the surface 
then E, = E and | Eds = EA. 

2. If E is parallel to the surface on all points then 
E =0 and hence | E, .ds = 0. 

If E = 0 at all points on a surface then @, = 0. 


4. The surface need not be a real surface, it could be 
a hypothetical one. 


5. Electric field in $ E.ds is complete electric field, it 
may be partly due to charge outside the surface and 
partly due to charge inside the surface. However, if 
there is no charge enclosed in the Gaussian surface 


E will be zero and hence $ E.ds = 0 
6. While evaluating Ọ E.ds, the field should lie on 


the surface and there should be enough symmetry 
to evaluate the integral. 
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Various forms of Gauss’s Law 
T. d enclosed 
= DEcos¢ds = Q E.ds = ——= 
$, = PEcosgds = $ a 
Note that net number of field lines leaving a closed surface 
is proportional to the total charge enclosed by that surface. 


The excess charge (other than the ions and free 
electrons that make up the neutral conductor) resides entirely 
on the surface and not in the interior of the material. 


Electric fìeld due to a long thread (line charge) 
A _ 18x10°A 


having linear charge density A is E = 
2TE,Y y 


P 
+ 
T 
1 y 
l 
E 
Fig. 11.16 Electric field due to a long line charge 


Electric fìeld due to a shell having radius R and 
charge Q 


inside E 0, É iiis = 4re R? ; 
=————— y>RK 
out Amex 
E 
Q 
Ane, R? 


O 


R 
Fig. 11.17 Electric field due to a shell 


Potential due to a shell 


_ Gg 
in 476€, R ~ surface 
Va forx>R 
om AE, x 
V, 
Q 
4re R? 


O 


R 


Fig. 11.18 Electric potential due to a shell 
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Electric field due to a sphere charged uniformly 
with charge Q 


x 
EP mae forx<R 
inside 476 ,R 


face = L for x= R 
surface 476 R 


outside = 4ne,x? for x> R 


O r x 
Fig. 11.19 Electric potential due to a sphere charged 
uniformly 

V = Q forx>R 
PATE X 
x 2 

—QOx*dx 
Vode = Q oe g for x< R 
mi ATER Ane R 

V = for x= R. 

surface 4re,R 


x 
Fig. 11.20 Potential due to a uniformly charged sphere 


Electric Field due to a thin plane Sheet (long) of charge 


density ç E = zg ` 
0 
Electric field due to a charged surface having surface 
o 
charge density ç E = —. 
Eo 
o 
Electric field due to a conducting plate E = e 
Eo 


Electric field between two oppositely charged sheets 


O 
at any point is E, = a (= E + E,). Assuming equal surface 
0 
o 
charge density (for example in a capacitor) E= —. Electric 
0 
field intensity is zero at any point outside the plates as 


E „= E — E, = 0, as shown in Fig. 11.21. 


ne 


11.8 
+ = 
+ = 
+ E, = 
a > = 
P +} = 
+ ~~ E, E, 
on 
L 
L 


Fig. 11.21 Electric field due to charged plates 
CAPACITORS 


A capacitor is a device to store charge or electrostatic energy. 


Capacitance Itis the capacity of a capacitor to store 
charge. In a capacitor Q œ V or Q = CV ; C is called the 
capacitance. 

C = (M'L°T tA?) 

Fig. 11.22 (a) or (b) represent circuit symbol for a 
simple capacitor, Fig. 11.22 (c) represents electrolytic 
and Fig. 11.22 (d) represents variable capacitor (tuner or 
trimmer). 


tei r 


Fig. 11.22 


From the point of view of the shape of capacitors, they 
are of three types: spherical, parallel plate and cylindrical. 


Unit of capacitance is Farad 1F = = 
V 


lF is a very big unit. Therefore smaller units like uF, 
nF or uuF (also called pF) are used very commonly. 


Soherical Capacitors These are of two types: 


(a) Isolated spherical capacitors 
(b) Concentric spherical capacitors 
(a) Isolated spherical capacitor consists of a single 


sphere. Its capacitance C = 47e R i.e., Cœ R, where 
R is radius of the sphere. See Fig. 11.23. 

(b) Two spherical shells (or inner one may be solid) form 
a concentric spherical capacitor as shown in Fig. 
11.23. Note that normally outer sphere is grounded. 


1K, 
C= 4nze, 
R,- R; 
C 
(a) (b) . 
Isolated capacitor Capacitance vs radius 


Fig. 11.23 
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If a dielectric of strength K is introduced between R, and R, 


R R, 


C= 4re, K 


R, -R 


2 


l 


Fig. 11.24 Concentric shell capacitor 


Parallel Plate Capacitor If two plates each of area A are 
separated by a distance d in vacuum as shown in Fig. 11.25 


ay 


Fig. 11.25 Parallel plate capacitor 


C= i if a dielectric of strength k is completely 


filled in the gap. 


E,A . . . 
C = ———— if the dielectric slab has 
1 
d-t € = L) 
k 


thickness t(t < d) 


Capacitance of a cylindrical capacitor shown in Fig. 
11.26 is 


Fig. 11.26 Cylindrical capacitor 


27E yl 
es and 

log, = 

n 
l ' C 2AE 

capacitance per unit length — = 
log, 2 

r 
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If the space between two cylinders is filled with a 


l I 27€ kl 
dielectric of strength k then C = ——— 

log, — 
n 
Magnitude of induced charge in a dielectric of strength 


. l 
kis Q = of1-2) 
Force between the plates of a capacitor is attractive 
0 
2AE, 


and its magnitude is F = 


+O —O +O, -—O 


+. 
a 
+ 
-+ 
4- 
+ 
+ 
+ 
+ 


+++++++++ 


<i —> 


Fig. 11.27 Polarization illustration 


Energy stored in a capacitor 


If the charge is uniformly distributed throughout the 
l 
volume then energy stored is U = =| Ved v where dv is 


volume element and Vis potential difference. Volume density 

of electric field energy 

_ ED gE: 
2° 2 

volume density of electric field energy in a medium u__, = 

EKE? B E£, E" 

“7 aza 


The maximum capacitance of a tuner capacitor (used 
E,A(n—1) 
d 


u in free space 


for tuning in radio) is C = where A is the area 
of each plate, n is total number of plates and d is separation 
between two successive plates. Normally a 11-plate tuner 
capacitor is available whose ratio of maximum to minimum 
capacity is 10: 1. 

Capacitorinseries See Fig. 11.28. In series, magnitude 
of the charge on each plate is equal but voltage across each 
capacitor is different. 


Fig. 11.28 Capacitors in Series 


11.9 
1 1 1 l 
— I T Purns Fto 
C à G C, 
If n equal capacitors are in series then C_, = T 
n 
C, 
C, 
Fig. 11.29 Capacitors in Parallel 
Capacitors in Parallel. If C, C,, C,, ....... C are 


connected in parallel as shown in Fig. 11.29 then 


Note that in parallel, charge on each capacitor is 
different while potential drop or voltage across each capacitor 
is equal. If n equal capacitors are in parallel then C, = nC. 


There are four methods to simplify capacitance 
networks 
(a) Series parallel method 
(b) Wheatstone bridge method 
(c) Charge distribution method 
(d) Star/delta method. 


Wheatstone Bridge Cases Fig. 11.30 illustrates some 
common representations of Wheatstone bridge. 


Cc. C, Sot, ae 
If =—— then remove C, and simplify. 


aS 
Cc, G, 
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If dielectrics are arranged as shown in Fig. 11.33 (a) 
then C,, is series combination of C, C, and C, as illustrated 
in Fig. 11.33 (b) 


&,K,A 
(d) GS- 
3 
E,K, A 
Fig. 11.30 Common representations of Wheatstone bridge a d 
If in a Wheatstone bridge each capacitor is C then : 
C., sC C,= E,K,A 
Charge Distribution Method It can be applied in d 
principle anywhere in tune with Kirchhoff’s law but in 3 
symmetrical circuits it makes the problem very simple. C -1,1,1 _ d + 1 + 
In symmetrical circuits charge entering a branch = charge a C OG G 36,Alk, k, k 
leaving the branch (identical) or mirror image branch. 
If two capacitors C, and C, charged to V, and V, are J 
joined together then common potential is 


_ VC, + VAC, = Q, +Q, 


Vma = Fig. 11.31 
common C, +C, C, +C, ( 12 ) 


' 
. EE C 
Charge on capacitors after joining —- = —— 
Q, ©, 


LLL I, 
; (a) T 


Fig. 11.33 Effect of dielectrics in a capacitor 


If a dielectric slab in a capacitor is being introduced in 


ay the rigidly held plates connected across a battery of emf V; 


2 2 then the force required to insert the slab is 
Fig. 11.31 Common potential 
g p F=-ly ae 
2 dx 


Loss in energy when two capacitors C, and C, charged 
to V, and V, are joined together as shown in Fig. 11.31 is 


If dielectrics are added in the manner shown in Fig. 
11.32 (a) then net capacitance is in a parallel combination 
of C,, C, and C, as illustrated in Fig. 11.32 (b) 


Fig. 11.34 Force required during introduction of dielectric 


C= E,k,A/3 C= Ek, Al3 in a capacitor 
i~ na) 27 — 
7 a Charging ofa capacitor or growth transient 
C= E,k,A/3 and C-C ë When the switch is made ON at t = 0, current passes through 
° d 7 capacitor for a very short time during its charging spree. The 


variation of charge/voltage across the capacitor is called 
charging transient. See Fig. 11.35 (a) and (b) 


Ci C, C, 
AET EIT 


4—43 — +—A/3—> (b) 
(a) 
Fig. 11.32 Effect of dielectrics on capacitor Fig. 11.35 (a) Charging of a capacitor 
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Fig. 11.35 (b) Charging transient 


0=0,(1-e7*°) 
J= dQ = Qo Nee 
dt RC 
Time constant t = RC is the time in which capacitor 
charges to 63% of its maximum value of charge. 
Discharging ofacapacitor(ordecay transient) 


When the capacitor has been charged for a long time. It is 
connected to a resistance R through a switch S as shown in 
Fig. 11.36 (a). At t = 0, switch is closed and the capacitor 
starts discharging according to the equation. 


Q =Q, e" FC Fig. 11.36 (b) shows discharging 
transient. 


where Q, = CV, 


and Ve = ĮR 


Time constant t = RC is the time in which a capacitor 
discharges to 36% of its maximum value. 


Fig. 11.36 (b) Discharging transient 


Important functionsof a capacitor 
(i) In a timer (time setting in almost all automatic 
devices) 
(ii) time base circuit in CRO (sawtooth generator). 


(i11) filter circuits (low pass, high pass, band pass, 
band reject) 


(iv) oscillators (LC oscillator f, = ) and RC 


1 
2AN LC 


oscillators 
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(v) tuner circuit in radio 
(vi) as a trimmer in frequency setting with quartz 
oscillator 
(vil) integrating and differentiating circuits 
(viii) voltage multiplier 
(ix) peak detector 
(x) demodulator or detection 
(xi) clamping circuits. 
(xii) 0 — 90° phase shift producer in one -RC section 
and 0 —180° phase shift in 3-RC sections. 
(xiii) in AC motor to enhance torque 


(xiv) converts active power into wattless or passive 
power. 


If n drops each of radius r and charge q combine to form 
a big drop of radius R then charge on big drop is 


Ovi. = 19 
C. =n" C 


big small?’ 


Vi. = n? V® andR=n'?r 
ig small 


Capacitance of a transmission line as shown in Fig. 
1é,Kl 


log, 7 


r 


11.374s given by C= 


mm d —> 


Fig. 11.37 Capacitance of transmission line 


where K is dielectric constant of the material between two 
wires, r is radius of either wire. 


Connecting wires offer stray capacitance and 
conducting wires or conducting points of a device offer 
parasitic capacitance. 


Short Cuts and Points to Note 


idar 


3 


1195 


or | Pile 
Ane r° 


1. Coulomb force Fe 


is applicable in free space or vacuum only if (a) 
charges are point charges or spherical charges 
(b) separation between the charges > 107m. If 
the charge is distributed, make a point charge by 
considering a small element and linear charge 
density A (if charge is linear), surface charge density 


. Ina medium F = 
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o (if charge is spread on area) and volume charge 
density p (if charge is distributed throughout the 
volume). 


. Normally force is mutual i.e., F =- F, In certain 
cases Newton’s 3rd law may not be valid. For 
example, if a charge q, is placed in the shell and q, 
lies outside at a distance r from q, as shown in the 
Figure. 


Illustration of Newton’s third law failure 


then force due to q, on q, is non zero while force 
due to q, and q, is zero. 


19> _ 419 
4ne r?  4ne,kr* 
where é= k is dielectric constant. 


. If there is more than one medium as shown in the 
Figure where a dielectric slab of thickness ¢ and 
dielectric constant k has been added in between 
two charges q, and qg, separated by r. To solve such 
problems, find equivalent distance in vacuum. In 
the given problem equivalent distance in vacuum 


is tk . Thus, net distance between the charges will 
be r- t+ tk or 


419 
Force F = ————-*—_ = 
0e E Ane (r—t+tvky? 
t 
di d, 
k 
@ © 


er —_____________ > 


Finding force between charges in more 
than one medium 


Note that effective distance in vacuum for a 
dielectric of thickness t and dielectric constant k is 
tWki.e., t= tk 

. The electric field intensity or electric force is a 
vector quantity. Therefore exploit vector algebra 
to solve the problems. 


. Electric field intensity due to a point charge Q ata 


. a Q 
distance r form it is E = — =———> 
q 4268 r 


. Electric field intensity inside a hollow conducting 
body is zero irrespective of its shape. 


10. 


11. 


12; 


13. 


Electro statics 


Gauss’s Law $ E.ds z 
Ey 
PE , OE p 
Gauss’s Law in differential form —— = — 
Ox E 
. Electric field intensity due to a shell (spherical) is 
Q 
Ea 0, E it = 4 TE R? and 
Q 


outside 4 TE, x? 


. Electric field intensity due to a dipole E œ Z 
x 


2 px j 
axial 4re (x? -i ii 


ne "Ges due to a short dipole. 


E „1s parallel to dipole moment. 


axl 


4 ; and for a short dipole 


4re (x? +1")? 


equatorial ~q 


2p 
gaWartorial — Ane x ` 
0 
moment. 
= p 5 V¥3cos’6+1 and tan a _ tan@ 
any point 476)x 2 


gives the direction. 


EN antiparallel to dipole 


Electric field intensity due to a ring at any point on 
axial line. 


Qx . . 
ng = day? w pry >» it is maximum when 
mg Are, (x +R’) 


R 
J2 
E =Q at the centre of the ring. 


Electric field due to a disc of radius R, along axial 
line is 


E |] E LF if 
disc 2E [2 FR centre 26, 2e 
R > œ 


Electric field due to a finite line charge at any point 
it dicular bisector E — e 
on its perpendicular bisector E = 
a j 276 xN L +4x? 


If a dipole is suspended in a uniform Electric field 
then torque experienced by the dipole T = pxE 
and > F = 0. Torque is maximum if 8 = 90°. 

It is in stable equilibrium if 0 = 0°, and, it is in 
unstable equilibrium if 8 = 180° 
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14. Work done by the dipole 


15. 


16. 


17, 


18. 


19, 


20. 


21. 


W = f t.d@ = pE(cos 0,— cos 0,). Work done is 
maximum if angle of twist is 180°. 
pE(U) =- pE cos 0 = —p.E 


If electric field is nonuniform then both torque and 


— 


= — dE 
force act and force is given by F = px a Note 
x 


that to balance a torque, a torque is needed and 
to balance a force, force is required. Hence force 
and torque are required to balance a dipole in a 
nonuniform field. 


V= f-Eal and f E.dl = 0 because electrostatic 
force is conservative . 


If | El= I Elor lF, = |F] then resolve the vector. 
We get magnitude and direction simultaneously. 
From the Figure. 


E cos 0+ Ecos 0 


Esin 9 


E= 2E cos 0 


4 suggests E = 0, if. V = maximum, V is 
x 


E= — 


minimum or V is constant. 


It is possible to have E=0 but V 40 or vice versa. E 
=0, V0 in a shell; E #0, V = 0 along the equatorial 
line of a dipole. Moreover, if Q = 0 then E = 0 and 
V=0. 

A moving charge in a dielectric generates both 
electric and magnetic field. But current in a 
conductor generates only magnetic field. In a 
conductor E _, =0. 


inside 


q 
476€,r 


Electric potential V = f —E.dx = 


For a point charge potential difference 


n 1 1 
AV = | -Edx=—4 rea For three 
i 4nE ln r, 


dimensional electric field 


= -| [7 E,ðx+ [Edy + fi E, 2c 


ZL: 


23. 


24. 


25: 


26. 


2d. 
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Electric potential due to a shell 


E Q Q 


in surface 4 TE, R ? ' out A TE, x 


x>R 


Electric potential due to a dipole 


a Ë _ _ 
axial yag (x-i) 
V ai = 0 > 
pcos@ 


any point © Are y? due to a short dipole. 


0 


Qq 


476€,r 


Potential Energy U = -| F -dx = =qV 


Work done = change in potential energy W = APE 


For equipotential surface, work done W = APE = 0 


In linear motion, however, gain in PE = loss in KE 
or vice versa. 


Acceleration of charged particle in an electric field 
E is a= Éi A . Apply equations 

m 
v= y + at, v? — u? = 2 as etc., if a is uniform. 


If a = q is uniform and along y direction 


Et 
Then v = at = ger and u_. = (E) and 
y m ne m 
v Et 
v, m, 


Motion of a charged particle 


For a charged particle projected in a limited electric 


l 
field region t= — 
Vs 
If an opposite charge lies between two similar 
charges, equilibrium could be stable. If, however, all 
the charges are similar, equilibrium will be unstable. 


. If n drops, each of radius r and charge q, coalesce 


to form a big drop then Rpp = n'?r, Q.,. = nq, 


— p23 
Vii = V mal? 

— yl — p13 
Cre =m C mall and Evie =n" E small 
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29, 
30. 


31. 


32. 


33. 


eV or electron volt is energy while volt is potential. 


Two dipoles taken together having same charge and 
same separation between two charges as shown in 
the Figure from a quadrupole. In a quadrupole E œ 


q -2q q 
@------------ ~@------------ o___— 
Qa Qa 
i and V œ i 
4 3 
r r 


Electric flux through symmetrical surfaces placed 
in a uniform electric field is zero. For example, for 
a cylinder (solid or hollow) placed in a uniform 
electric field = 0. Hence no charge is stored. 


ds 


ds qf ds 


TETT 


$ E.ds _2 where Q is charge enclosed in the 
Eo 

surface. The electric field is perpendicular to the 
surface so_that it is parallel to surface vector ds. 
If E and ds are not parallel take the dot product. 
i.e., EA cos ĝas the flux. Gauss’s law in differential 
form ca aL, 

Or E 


Electric field intensity due to a long line charge at a 
distance y from one end as shown in the Figure at P 


from end A is and is directed at 45° with the 


TEY 
vertical. 


P 


A 


34. Electric field due to a uniformly charged sphere of 


Qx 
. = 3 
nside 4 TE . R 


radius R and charge Q is E, x<R 


Electrostatics 


surface = 4re R? 


shown in the Figure. Note that E = O. 


x=R;E ——, x>Ras 


outside 4 TE x 


tre 


33: 


Electric potential due to a uniformly charged sphere 
of radius R and charge Q 


Q + f Qx’ dx 


Vi — x< R 
inside 4m6,R R 4re,R? 
Q 
= =R. 
surface 4rejR X 
3Q 
Note that V oar = Sae R as shown in the Figure. 
0 


36. 


37. 


Electrical shielding is achieved if a body is kept in 
a metallic shell or metallic enclosure irrespective 
of the shape of the enclosure. That is E = 0. 


Electric field due to a thin sheet (thin sheet < 200 
A°) having linear charge density à. The charge is 


dist buted on boti sides: Therefore E= = 
0 
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38. Electric field due to a thick conducting sheet 


Eo 


39. Work done in assembling the charged sphere of 


3 2 
radius R = Q = PE of the charged sphere. 
207€,R 
40. Work done in assembling the charge on a shell 
2 
= Q = PE of the charged shell spherical. 
876,R 


41. The electric field inside the capacitor sheets 
SC Oo 


o 
-~ =— as shown in the Figure. 
0 2E Ep 


o 
However electric field due to a single plate is pPI 
& 


+++e¢t+t+t+. 
| 


42. Electric field in a long cylinder of radius R having 
charge per unit length A 


`- = —— forr>R 
outside 2HE yr 


E =Qforr<R. 


inside 
43. Electric field due to long charged plates is uniform. 
44. If the outer shell is grounded as in the Figure 


If inner sphere is grounded as in the Figure then 


E knr, Eknn, 
= ———— + Aner, because and 
(4-7, na" 


capacitance of isolated sphere (outer) 4re r, are in 


parallel. 


45. 


46. 


47. 


48. 


49. 
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The potential drops V, and V, across capacitors C, 

and C, are in the inverse ratio of their capacitances. 
VC, 

C.-C, 


VC, 
CFC, 


Also V,=V,-V, 


i.e., V = and V, = 


Potential on each plate of capacitor 


g . š CC, 
If two capacitors are in series then C. =- ~<. 
aC FC 
If n identical capacitors are in series Cu = c and 
n 


if n identical capacitors are in parallel C,, = nc. 


In series, charge remains same and potential across 
the capacitors may be different. In parallel, potential 
difference across each capacitor is equal and charge 
on the capacitors may be different. 


It two spheres of radius r, and r, are joined by a 
conducting wire or directly then common potential 


= 4ne,(, +n) +h) ee Figure). 


fi 


and charge after joining Qi = (Q, + Q) 
Q =(2,+ Q,) 


n ae 
r, Lo ao 


hr 


To find potential drop across the capacitors in 
questions as shown in the Figure (a), convert it to 
equivalent circuit of Figure (b) and then solve it 
using concept of point 2. 
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If negative terminal of one battery is connected to l 
i : 1 etree : : 
the positive terminal of other battery then V = V make C, then m = C/n rows of n capacitors in 
+ V as batteries are in series. It negative terminal 
of one battery is connected to negative of the other, series will be required. 
then 53. For the network shown in the Figure 
Viet = Va — Va or Vy — Voy depending upon which a 20 C.-C. OT C.C, 
1S ; > 7 
greater. The net emf has direction of greater emf eq “AB C, +C, +2C, 
battery. 
(Vo. — Vo ) C, 


From Figure (b) V, = 


l C, a 
C, +C, A | 
V= (Vo, -Va ) C, 
a C, +C, P 
| j” o g C, | B 
C, C= | & r, , 
Ly o] Vora 54. If capacitor C is connected along each side of a 


4 skeleton cube then equivalent capacitance along the 


(a) (b) 


and 


longest diagonal is of . Equivalent capacitance along 


50. If n identical plates each of area A are connected 


face diagonal is a C and along one side is Ve 
alternately and separation between two consecutive 3 7 


plates is d, then C „= (n - 1) ~ . For example C 55. If one side of skeleton cube is open as shown in the 
5 
Figure then C,, = >C. 
= te in the Figure below. SUTO KION UAn 7 


LTx 


— QN 


51. If a metal plate of thickness ¢ is introduced in Vv 
between the plates of a capacitor separated by d A = 
Ae 
then C,, = a-i (See Figure) 56. If one or more shells of concentric shell system is/ 


are grounded then net potential corresponding to 
grounded shells is zero. For example in the Figure 


| V,=0 


— SD 


52. If large number of identical capacitors of rating 
C/V are available and capacitor C'/nVY is to be 


designed then n capacitors are to be connected in 
C 57. If in a charged capacitor (battery not connected) a 
series. Each row of n capacitors has C,, =—. To dielectric is added then charge remains the same, C 


n 
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increases, V decreases, electric field decreases and 
energy stored decreases each by a factor of dielectric 
constant. 


58. Ifinacapacitor (connected to a battery) a dielectric 
is added, then V remains unchanged, C increases 
K-fold, electric field remains unchanged, energy 
stored in the capacitor increases K— fold, where K 
is dielectric constant. 


59. If the battery is disconnected after the capacitor 
is charged and plates of capacitors are moved 
away then C decreases, Q remains unchanged, V 
increases, electric field remains unchanged and 
energy stored increases. 


60. To find time of charging at a particular instant 


t, use t=t log, Qo or t= 2.303 RC log Q, l 
Q-Q Q,-Q 


Similarly, discharge time is t= 2.303 RC log A ' 


61. A capacitor charges to 63.3% in one RC, 90% in 
2.303 RC, 95% in 3RC, and, 99% in 5 RC. 


62. DC current does not pass through the capacitor 
except during charging or discharging for a short 
CdV 
while. aQ = {| =——_ 
dt dt 
DC current passes during transients only. 


. If Vis constant, i = 0. i.e., 


63. AC current passes through the capacitor. 
Displacement current and conduction current have 
a phase shift of 90°. 


64. Since the plates of a capacitor are thin, if a charge 
Q is placed Q/2 appears on one side, Q/2 appears on 
other side and —Q/2 charge is induced on the inner 
side of plate as shown in the Figure. 


+02 “=0/2 


40/2 


(a) (b) 


65. When a thin metal sheet is introduced in between the 
space in a parallel plate capacitor then capacitance 
remains unchanged. 


Caution 
1. Adding electric field intensity or force algebraically. 


= They are vectors and hence vector algebra be 
applied. 


2. Considering potential is also a vector quantity. 
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> V= -[E-d x isa scalar. Therefore potential and 
PE be added alegebraically. 


3. Not knowing how to get vector from scalars. 


E= = as Visa scalar while E is electric field. 
r 


. o> dV a 
= In one dimension E = ———j 


dx 


In three dimensions 
E=-W=- T V 
Ox “Oy Oz 


4. Assuming electric field of one charge should affect 
the electric field of other charge when we have 
group of plates or group of charges. 

=> We use superposition theorem. The effect of 
electric field of each plate or charge 1s considered 
individually on the given charge/test charge. 

5. Ignoring the directions of velocities and 
accelerations. For instance, a charged particle is 
initially moving in x-direction with a velocity u 
but due to electric field, acceleration 1s developed 
in y-direction. Applying equation 


v=utators=ut+ af ete. is not correct. 
=> Use v= 4i +a tj so thatlv|=, ju” +(a,t)’ 


at 
and tan B = | —— 
u 


6. Assuming E sig = O in all kinds of bodies. 


=> E__, =0 in a cavity or hollow bodies. 


inside 
Ox 


inside 3 


———, ina uniformly charged sphere. 
ATE, 


7. Assuming V= 0, if E =0 because V = -f E.dx 


yy 2 
nside surface 4 TE, R 

in a shell, though E sia = 0. Interpreting V = 0 if 
E = Q is superfluous. We come across cases when 


V=0 but E #0, for example, along equatorial line 
in a dipole. 


> V=0if E=0 and Q=0, V, 


8. Not recalling that work done on an equipotential 
surface is zero. 

= Since electrostatic force is conservative, 
W = q (V, — V,) = 0 on equipotential surface. 
Moreover, fE .dl =0. However work may be done 


if charge moves from one equipotential surface to 
another equipotential surface. 
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9. 


> 


> 


> 


> 


14 
= 


15 


>> 


16 


=> 


17 


— 


Considering a small sphere or an end of a pin can 
hold a large charge. 


Smaller the radius more is the surface charge 
density and hence very high electric field such that 
it surpasses the dielectric breakdown strength and 
hence charge leaks by means of carona discharge. 


. Considering equipotential surfaces can intersect. 
Equipotential surfaces cannot intersect. 


. Considering a charged metal plate has uniformly 
distributed charge. 


It has maximum charge density at the corners and 
minimum at flat portion. 


. Considering that a positively charged body has 
always positive potential. 


It may have negative potential if placed in the 
electric field generated by strong negative charge. 


. The notion that similar charges only repel. 


Though in principle it is correct but if one charge is 
very large as compared to other charge and they are 
place close to one another then they will attract. The 
reason being that there will be an induced charge (of 
opposite nature) in the body having a small charge. 


. Assuming work done is dependent on path followed. 


Work done is independent of path followed as 
electrostatic force is conservative. 


. Considering that a charged particle must move along 
the electric field line. 


Though F = gE is the force present and acceleration 
is tangent to the field line, if particle was already 
in motion along some other direction then it will 
follow curved path. 


. Not knowing the directions of field lines and 
equipotential surfaces. 


Field lines are always perpendicular to equipotential 
surfaces. 


. Considering any electric field in È E.ds will form 
flux. 


E which is parallel to surface vector ds will form 


flux. E,, which is parallel to the surface as shown 


in the Figure, does not form any flux. 


18. 


19. 


20. 


21. 


ZZ. 


22. 


=> 


Electrostatics 


Considering like a shell, electric field inside a 
charged sphere is also zero. 


If the sphere has charge distributed only on its 
surface then E „a = 0. If the charge is distributed 
throughout the volume then 


Ox 
ade Ane. R? forx< R. 
0 


Considering E = 0 if V = 0 or vice versa. 
Inside a shell E = 0 but V #0 Rather 
Q 


inside = ATE, R 


line of a dipole V = 0 but E #0. 


= V and along the equatorial 


surface 


Note: E = — ~ represents E = 0 if V is max, V is 
x 


min or V = constant. 
Considering FE. = 0 only in a shell (spherical). 


E = 0 in any type of hollow metallic body. EF, =0 
even in a long metallic cylinder. 


Considering V, = in a charged sphere 


4re R 
(charge Q, radius R). 
V = 

" 4re,R 

distributed throughout the volume then 

t -Qx 

v -2j 

n 47e,R > 4a6,R 


R 


inside a shell. If the charge is uniformly 


Not knowing the electric field lines direction in a 
metallic charged body. 


Electric field lines are perpendicular to the surface 
because a metal body acts as an equipotential 
surface. 


Considering equipotential surface has electric field 
intensity also equal at all points of the body. 


B 


D 


Electric field 1s very large at pointed ends, sharp 
comers. i.e., E + œ if R — 0. In the Figure E, > 
E > E, Eis minimum at D. 
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24. 


Zs 


26. 


2l: 


28. 


29, 


Treating spherical charges of unequal radius like 
point charges when they are joined. 


Charged spheres behave as capacitors and hence 
charge is distributed in accordance to capacitive 
laws. i.e., charge after joining the two spheres is 

p= (Q, +Q, )7 
Oo e 


nth 


proportional to the radius i.e., 


and g', = (Q +2, )% 

nth 
Confusing whether on increasing or decreasing 
the distance between the plates of a capacitor (the 
battery removed after charging it) voltage remains 
constant or not. 


When the battery is removed charge is conserved, 
i.e., charge remains constant and voltage increases 
or decreases depending upon the fact that 
separation between the plates is increased or 
decreased. 


Confusing whether or not current passes through a 
capacitor. 


DC Current does not pass through capacitor except 
during growth and decay transient. AC current 
passes through the capacitor. 


Confusing that capacitors are added in series and 
parallel like resistors. 


Capacitors in series are added according to the 
1 1 
law c~ CC" and in parallel C,, = C, + 


eq 
Co Fan 


Confusion in series and parallel cases. 


Note that in series only one end of.a capacitor is 
connected to one end of the other and in parallel 
both ends of the capacitors are joined with two ends 
of other capacitors as shown in the Figure (a) and 
the Figure (b) respectively. 


AHHH- 


LH 


Confusing in cases as shown in the Figure whether 
capacitors are in series or parallel. 


>> 


30. 
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Va 


i = l Í 
Von 

Capacitors are in series in this case as battery 

is another element present in between and 


hence capacitors are not connected end to 
end. 


Confusing whether new capacitors formed 
due to addition of dielectrics are is series or 
parallel. 


Look into Figure (a) and (b) carefully If dielectric 
divides the capacitors horizontally, they are in series 
and if the space between the capacitors is divided 
vertically then capacitors so formed are in parallel. 


KKK 


L 
L, 
7 


C 
2 


3l, 


Not understanding the effect of rating of the 
capacitor. 


If a capacitor is marked 10 pF/250V then it 
cannot hold a charge >2500 uc. If two capacitors 
of different rating are joined in series, then we 
cannot supply a charge greater than the rating 
value of smaller charge as charge remains same in 
series. 


. If more than two plates are connected at a point 


then difficulty in recognising series or parallel 
case. 


Mark the plates 1, 2, 3, ... etc. and reconstruct a 
simplified circuit so that you can easily recognise 
series and parallel case. 


. Confusion about Wheatstone bridge. Considering 


in the circuit shown in the Figure AOPL, APML, 
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AONP, LPBM, PONB, MPNB etc. as wheat stone 
bridge. 


PRACTICE EXERCISE 1 
(SOLVED) 


Electrostatics 


Note that AOPL, APML, etc. in the Figure are 
not Wheatstone bridges. For a circuit to qualify as 


1. Two charged particles each of mass 5g and charge q 
are suspended as shown in the Figure. The system is 
taken in a satellite. The force between the charges is 


4— 5cm —> 


(a) 23 x 103N 

(c) 0.23 x 10° N 
2. Achild stands inside a large charged metal sphere. Will 

her hair stand on end ? 

(a) Ye 

(b) No 

(d) Incomplete information 

(d) No guess about her hair style 


(b) 2.3x 10° N 
(d) none of these 


3. The following Figure shows a quadrupole. Assuming 
x >> a find the electric field at P where p = qa. 


n 


C C 
Wheat-stone bridge — =— then, remove C, as 
2 4 
shown in the Figure. 
6 pa’ 6 pa 
———_ b — 
@) 4ne,x" (b) 4ne,x" 
2 pa 3 pa 
ha, d ae 
R 4re xÂ te) 4re xÂ 
5 pa 
te) 4ne,x" 


An electron is projected with a velocity V, at an angle 
0 in the presence of an electric field E as shown in the 
Figure. 

Find minimum value of d so that electron does not hit 
the plate. 


(a) d2 mvo (b) mv, cos? 0 
2eE 2eE 

(c) mv, sin’ @ (d) mv, tan? 0 
2eE 2eE 


Uniformly charged long cylinder has volume charge 
density p. Find the electric field at a distance x < R from 
the axis of the cylinder. 


(a) & (>) — 
Eo Ze 
co) & a Z 


3&, 46, 
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6. Two concentric shells carry charges g and Q. Their 
radius are r and R. The potential difference between 


the two is 
q Q R-q 
= b 
(a) 4ne,R’ 4re,R 0) 4ne,R 
q [1 1 fol | 
ye d —— | _—-_~¢4 
©) ATE, p d (d) 4ne, Lr AR 


7. Asample of HC1 is placed in an electric field of 2.5x 104 
NC". The dipole moment of HCl is 3.4x 10°" C—m. Find 
the maximum torque that can act on a molecule. 

(a) 7.6x10-°°Nm (b) 4.3x10-*°Nm 
(c) 6.5x10-°°Nm (d) 8.5x10°°Nm 


8. 12 J of work is to be done against an existing electric 
field to take a charge of 0.01C from A to B. Find The 
potential difference between B and A. 

(a) 120 V (b) 1200 V 
(c) 1.2 V (d) 12 V 


9. E=20i+ 30 j exists in space. If the potential at the 
origin is taken to be zero, find the potential at P (3, 2). 


(a) -150V (b) —100V 
(c) +150V (d) -120V 
(e) 120V 


10. Aring of radius R has charge Q. It is cut by dl. Find the 
electric field at the centre. 


11. 


[2 


13. 


14. 


15. 
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(a) zero (b) Qal 
2nr’é, 
Qdl Qdl 
d 
©) Dnt Er ©) Br er? 


A parallel plate capacitor with plate area 100 cm? and 
separation between the plate 5 mm is connected across a 
24 V battery. The force of attraction between the plates 
is of the order of 
(a) 10°N 
(c) 10N 


(b) 10°N 
(d) 107 N 


A capacitor 10 uF charged to 50 V is joined to another 
uncharged 50 uC capacitor. Find the loss in energy. 
(a) 1.04 x 10°J (b) 4.01 x 10°J 

(c) 6.25 x 10°J (d) 1.64 x 10°J 


Two spheres of radius 5 cm and 10 cm, both charged to 
120 uC, are joined by a metal wire and then metal wire 
is removed. What is the charge on each after removal 
of the wire? 

(a) 120 uC, 120 uC 
(c) 100 uC, 140 uC 


(b) 80 uC, 160 uC 
(d) None of these 


In the Figure shown, the potential drop across 
3 uF capacitor when switch S is open and switch S is 
closed is 


18V 
3 UF 8 2 
S 
3 UF 102 
(a) 9V,8 V (b) 9V,9V 
(c) 6V,8V (d) 12 V,8 V 


Find the net capacitance between A and B in the Figure. 


2u F tt 
es 
| B 
2ur 
2 
(a) >yF (b) = uF 
2 5 
22 
(c) 2 uF (d) <4 uF 
22 9 
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16. 


17. 


18. 


19. 


20. 


21. 


A 10 uF/400 V and a 4 uF/100 V capacitors are 
connected in series. Find the maximum potential which 
can be applied. 

(a) 100 V 

(c) 400 V 

(e) None of these 


(b) 500 V 
(d) 140 V 


Each side of a tetrahedral has a capacitor of capacitance 
C. Find the capacitance between a side. 


(a) E (b) 2C 
2 
C 
(c) C (d) — 
3 
The switch S is kept closed for a long time in the Figure. 
It is opened at ¢ = Q. Find the current in R, at t= 1ms. 


20uF 


(a) 11.2 mA 
(c) 13.4 mA 


(b) 12.4 mA 
(d) 14.4 mA 


A charge + q is placed at each of the points x = x,, 
X= 3x, X= IX, .--- on the x-axis, and a charge — q 
is placed at each of the points x = 2x, , X =4x,, ........ 
Here, x, is a positive constant. The potential at the origin 
due to the above system of charges is 


q 

b S 

ee 1B) STEX ln 2 
oe gin2 
(c) infinite (d ——— 
ATE Xo 


. E > ae 
If electric field is given by E = (>) i V/m, the potential 
x 


difference between points x = 10 cm and x = 20 cm is 
(a) 1V (b) 2V 
(c) SV (d) 10V 


In a regular polygon of n sides, each corner is at 
a distance r from the center. Identical charges of 
magnitude Q are placed at (n —1) corners. The field at 


) 


the center is (Where K = 
0 


22; 


23. 


24. 


26. 


26. 


21. 


Electrostatics 


(a) KZ ©) (n-) KE 
r r 
() Ke (qd) Mote 
n-1 r? n r’ 


A charge q is placed at the center of the line joining 
two equal charges Q. The system of the three charges 
will be in equilibrium if q is equal to 
(a) -Q/2 (b) -O/4 
(c) +Q/4 (d) +Q/2 


A cube of side b has a charge q at each of its vertices. 
The electric potential at the centre of the cube is 


4q NEY 


a V3m,b ©) meb 
(c) a (d) zero 
ME, b 


Four equal charges Q are placed at the four corners of 
a square of side a. The work done in removing a 
charge —Q from the centre of the square to infinityis 


J2 Q’ 


(a) zero (b) a 
N2 Q’ Q° 
(9 NE a (d) 21E,a 


Eight dipoles of charges of magnitude e are placed 
inside a cube. The total flux coming out of the cube 
equals to 


8e „16e 
(a) 3 (b) ; 
e 
(c) — (d) zero 
Ep 


Two conducting plates X and Y, each having large 
surface area A (on one side) are placed parallel to each 
other. The plate X is given a charge Q whereas the other 
is neutral. The electric field at a point in between the 
plates is given by 


Q 
(ay 2 (b) towards left 
2A 2AE, 
(c) towards right (d) L towards right 
2AE, 2E, 


A half ring of radius R has a charge of A per unit length. 
The potential at the centre of the half ring is (where 


ee 


AT € 
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28. 


29. 


30. 


31. 


32. 


33. 


(a) KZ (b) Ko 
T 
(c) eZ (d) KTA 
R 


n small drops of the same size are charged to V volt 
each. If they coalesce to form a single large drop, then 
its potential will be 
(a) (V/n) 


(c) Vn" (d) Vn?” 


Two concentric thin metallic spheres of radii R, and R, 
(R > R,) bear charges Q, and Q, respectively. Then the 
potential at radius r between R, and R, will be 


(a) (212) (b) Ciara 


r 47 € 


2,2)! 2,2) 1 
m 22) o | y 


The electric potential V at any point (x, y, z) (all in 
metres) in space is given by V = 4x’ volt. The electric 
field at the point (1 m, 0, 2m) in volt/metre is 

(a) 8 along negative x-axis 

(b) 8 along positive x-axis 

(c) 16 along negative x-axis 


(d) 16 along positive x-axis 36. 


A charge Q is placed at the corner of a cube. The electric 
flux through all the six faces of the cube is 

(a) Q/3e, (b) Q/6z, 

(c) Qe, (d) Qle, 


Two identical thin rings, each of radius R metres are 
coaxially placed at a distance R metres apart. If Q, and 
Q, charges are spread uniformly on the two rings, the 
work done in moving a charge q from the centre of one 
ring to that of the other is 


(a) zero 


(b) g(Ql - Q2) (V2 -1)/ V2 (4ze,R) 
(c) gvV2(Q,+Q,)/(47,R) 
(d) g(Q,+O,)(V2 +1)/V2(4z,R) 


Two identical metal plates are given positive charges 
Q, and Q, (<Q,) respectively. If they are brought 


(b) Vn 34. 


35. 


37. 
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close together to form a parallel plate capacitor with 
capacitance C, the potential difference across the 
capacitor is 


Q, +Q, Qi tO; 
(a) =e (b) = 

Q, — Q, Q, = Q, 

= E d) = 2 
(c) Fe (d) aC 


If we treat the earth as a conducting sphere of radius 
6400 km, its capacitance would be of the order of 

(a) luF (b) 1 mF 

(c) 1F (d) 10°F 


In the circuit shown, a potential difference of 60 V is 
applied across AB. The potential difference between 
the points M and N is 


2c oy 


Í J 
60 V ji C 
B 2 N 


C 
(a) 10 V (b) 15V 
(c) 20 V (d) 30 V 


Two identical point charges are placed at a separation 
of l. P is a point on the line joining the charges, at a 
distance x from any one charge. The field at P is E. E 
is plotted against x for values of x from close to zero 
to slightly less than /. Which of the following best 
represents the resulting curve? 


In an isolated parallel-palate capacitor of capacitance 
C, the four surfaces have charges Q, Q,, Q, and Q, as 
shown. The potential difference between the plates is 


Q, Q, 
o, Lo, 
a LBA o) 2,40, 
2C 
c) 2S (a) Lites 
2C 2C 
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38. 


39. 


40. 


41. 


42. 


Charge Q is divided into two parts, which are then kept 
some distance apart. The force between them will be 
maximum if the two parts are 

(a) Q/2 each 

(b) Q/4 and 30/4 

(c) Q/3 and 20/3 

(d) e and (Q — e), where e = electronic charge 


An uncharged metal sphere is placed between two equal 
and oppositely charged metal plates. The nature of lines 
of force will be 


(a) (b) 


+++ ttt 
tt & wand 
FEE & Ef 


+ + + + + + 


(c) (d) 


Feat & Y 
+++ + + 4+ 
1 tt tT t tol 


+++ + + + 


In the circuit shown, a potential difference of 60 V is 
applied across AB. The potential difference between 
the points M and N is 


2C 


(a) 10V (b) 15 V 
(c) 20 V (d) 30 V 


Two capacitors of capacitance 3 uF and 6 uF are 
charged to a potential of 12 V each. They are now 
connected to each other, with the positive plate of one to 
the negative plate of the other. The potential difference 
across 3 uF is 

(a) zero (b) 3V 

(c) 4V (d) 6V 


A parallel plate condenser with plate area A and separation 
d is filled with two dielectric materials as shown in the 
adjoining figure. The dielectric constants are K, and K, 
respectively. ®The equivalent between A and B is 


A 
(a) EK, +K,) (b) SA Ee 


co) 2604 KK, (a) 254( K+K, 
d \K,+K, d | KK, 


43. 


44. 


45. 


46. 


47. 


Electro statics 


Four identical capacitors are connected in series with 
a 10 V battery as shown. The point N is earthed. The 
potentials of points A and B are 


10 V 
AHHH AB 
CCC -C 
(a) 1OV,OV (b) 7.5 V,-2.5 V 
(c) 5V,-SV (d) 7.5V,2.5 V 


Four metallic plates each with a surface area of one side 
A, are placed at a distance d from each other. The two 
outer plates are connected to one point A and the two 
other inner plats to another point B as shown in the figure. 
Then the capacitance of the system between A and B is 


A >—*B 


o ig De 
d d 

(c) 3E,A (d) 4e, A 
d d 


Inthecircuit shown, the equivalent capacitance between 
the points A and B is 


E 


10 


(a) uF 15 uF 
3 4 
12 25 

(c) —yF (d) —ypF 
5 6 


A cube of side b has a charge q at each of its vertices. 
The electric potential at the centre of the cube is 


_4q V3q 
(a) JB3aeb (0) ME, b 
(c) a (d) zero 

Te b 


In the given circuit, the value of charge across capacitor 
AB as a function of time is 


A B 
Cf 


(a) celie) (b) scel -e 7} 


(c) cerl eTe) (d) oce(1—er | 
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48. At t= 0, an inductor of zero resistance is joined to a 


49. 


cell of emf ¢ through aresistance. The current increases 
with atime constant t. The emf across the inductor after 
time ¢ is 

(a) et/t (b) e(l1-e™) 

(c) ge tlt (d) sez" 


In a given circuit the current through the battery at t — œ 


R 
E L R 
E E 
(a) F (b) r 
2E 
da a 
(c) zero (d) T 


(a) 2. (b) 3. (b) 4. 
(b) 9. (d) 10. (d) 11. 
(d) 16. (d) 17. (b) 18. 
(b) 23. (a) 24. (a) 25. 
(b) 30. (a) 31. (o) 32. 
(d) 37. (o) 38. (a) 39. 
(b) 44. (b) 45. (a) 46. 
(c) 

EXPLANATIONS 

q?  2x2x107? x9x10° 
D F= Ged? (1.25) 
= 23x 10°N 


{Here d = (21 + 5) cm = 125 cm as there is no gravity. 
Therefore electrostatic force will push them away. } 


(b) As electric field inside the shell is zero. 


q 2q q 
2 2 T 2 
47€, (x-a) TEX” Ane, (x+a) 


50. 


4. 
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In the given circuit as shown in figure, with steady 
current, the potential difference across the capacitor 
must be 


(a) V (b) V/2 

(c) V/3 (d) 2 V3 
S: (b) 6. (c) rA (d) 
12. (a) 13. (b) 14. (d) 
19. (d) 20 (c) 21. (a) 
26. (c) 27. (d) 28. (d) 
33. (d) 34. (b) 35. (d) 
40. (d) 41. (c) 42. (c) 
47. (a) 48. (c) 49. (b) 


eE ; 
(c) a, 5 u =v, sin 0 


For the particle to fail to hit the plate 2a d 2 U ? 


or vo sin? = 2eE j 
m 
2 :,.2 
or da Zo Sin 0 
2eE 


(b) Assume a hypothetical cylinder of radius x and 


length /. Apply Gauss’s law $ E.ds = 1 
Eo 
rx’ lo 
or È E.ds = ————— 
Eo 
mx’l 
boros 
0 
px 
E= 
2E 


10. 


11. 


12. 


13. 


14. 


AV=V_-V, 

__4 +- l | 

— 4ae,lr R 
(d) Tx = DE 

= 3.4 x 10 x 2.5 x 104 

= 8.5 x 10°°Nm. 
(b) W=q AV 

AV U 1200V 
or =— =— = 
q 0.01 

(d)V=V_ + V 


3 2 
= Í -E dx + [-£, dy 
0 


0 


3 2 
= | -204x + [-30dx ~ _ 6) —~60 = -120 V 
0 0 


dq Qdl 
d E = d d =Z SL, 
(9) Aner’ ana aq jnr 


Thus E = gal 
da Bm er? 


_ AEV? _10°x8.85x10 ° x 24° 
2d? 2x 25x10” 
= 1.08 x 10°N. 


CC, 2 
(a) Energy loss = (V-V) 


ACG. FC) 


10x50x10" 


= 510 +50) a = 1.04 x 109 


, (Q+)  240x5 
b = SS — 
( ) Q, r +r, 15 80 uC 


= 240-80 = 160 uC 


(d) when switch is open 18 V is applied across 6 uF 
, 18x6 

and 3 uF capacitor V = a ie 12 V 

when the switch is closed potential drop across 8 Q 

resistor is the potential drop across 3 uF capacitor 


i.e., 8 V. 


15. 


16. 


17. 


18. 


19. 


20. 


LNs 


22. 


Electro statics 


2C,C, +C,C, +C,C, 
(d C= — 6 6 4.96 
1 2 3 
2x2x34+2x24+3x2 22 
= eee 
24+34+2x2 9 


(d) In series charge remains same. 


The maximum charge which can be applied is 400 pC 
(maximum rating of 4uF/ 100 V) capacitor. 


Then potential which can be applied is 
100 + 40 = 140 V. 


10uF/400V 4uF/100 V 


9, 


(b) The equivalent circuit of Figure (a) is shown in the 
Figure (b) and Figure (c) respectively. 


C.p=2C 


A B 


(b) (c) 
(c) Q0 =Q, urc and aj 
e d 


Q, -t/RC 


or i= ~“e 
RC 


-6 
_ 20x20x10 e5 = 2(.0067) 


10x20x10 
13.4 mA 


(d) Potential at origin 


kQ 


which is = ——In2 = 


(a) 


KQ?  4KqQ 
2 + = 
a a 


(b) For equilibrium 
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Zo: 


24. 


25. 


26. 


27: 


28. 


29. 


30. 


31. 


32. 


q= 
4 
Q qo Q 
a/2 a/2 
(a) v-— a 


ee: ee, ee 
4TE, Ge | Bare, b 
2 


(a) W =(-Q)(AV)=-Q(V, -V,)=-O(0-¥)), 
= o| 22), -2e 


(d) Net charge inside the cube is zero 
(c) Charge of the capacitors, q = Q-0_ Q 
2 2 
Q 
2A€ 


0 


Electric field = 


(d) The total charge on the half ring is tRA. As all 
points on the ring are at a distance R from the centre, 


K TRA 


the potential at the centre is V = =KTA 


(d) Total charge =n(4z €, rV) 
l 
Radius of large drop R = n3r 
(476, rV)n e 


l 
4T E NFT 


ATE R r 


(a) E=- =8x,E, 
dx 


Potential of large drop = 


(b) V = 


(1,002) = -8 V/m (along negative 


x-axis) 
(c) As at a corner, 8 cubes can be placed symmetrically, 


flux linked with each cube will be £ 


0 


KQ, kKQ,,, KQ, +e 
b) V,= V.= 
KỌ, 1 KQ,( 1 
-V = 1-—= — -1 
nne R 


K 1 1 
fi- e -Q,) K= 4e, 


W=q(V, -V 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 
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(d) Q, +Q, Q,- Q, Q, -Q, Q, +Q, y -Q&Q 
2 2 2 2 2C 
Cte ee 10°F., 
i x10’ 


(d) Let Q amount of charge flow through the MN branch 


V=60 V= LCE sof 
2C C 2C C 
or Q = 30C V. 


Potential difference between M and N = 


=30 V 


Q_30C y 
C C 


(d) Cis the midpoint of AB. The field is directed to the 
right (positive) in the region between A and C, zero 
at C, and to the left (negative) between C and B. The 
magnitude of E will increase sharply for x~0 and x ~ /. 


+O +O 

A B 
+> 
—_— I ———> 


(c) Plane conducting surfaces facing each other must 
have equal and opposite charge densities. Here, as the 
plane areas are equal, Q, = - Q, 


The charge on acapacitor means the charge on the inner 
surface of the positive plate-in this case, Q.. 


Potential difference between the plates = charge on the 
capacitor + capacitance. 


potential difference = 


Q, 20, 0,-(@,) Q, -0; 


C 2C 2C 2C 


(a)The force of interaction F = K 1er q) 


Q 


For F to be maximum, “=0=(Q-2) org=—= 
q 


2 


(b) Clearly the electric lines of force strikes the 
conducting surface perpendicularly. 


(d) Let Q amount of charge flow through the MN branch 


V=60 V= 2g 2g or Q =30C V. 


C 2C 
Potential difference between M and N = g- 30C 


=30 V 


(c) Charge stored on capacitor 3uF = 36 uC charge 
stored on capacitor 6 uF = 72 uC After connected 


the plates ae ae ie.,-72+20=72-Q9 


48 — 36 
3 


30 =2x720=48 .. V, = =4V 
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42. 


43. 


44. 


++ ++ + 
Il I l l | 


72uC 
2K Ae 2K.A€ 
d 
CC, _ 2A€,( KK, 
“ C+C d \K,+K, 


(b) Because charge on each capacitor is same V,=7.5V, 


V, = -2.5 V 


7.5 V 


A 
b) C, =2C=2 
d 


<> 


PRACTICE EXERCISE 2 
(SOLVED) 


An a-particle is travelling to its right with 1.5 kms". 
What uniform magnetic field be applied so that it starts 
moving with same speed to its left after 2.65 us? 

(a) 2.35 N/C toward left 

(b) 235 NC ' toward left 

(c) 23.5 NC” toward left 

(d) 2.35 NC”! toward left 


Solution (©) v=u+at 


A 


-1.5, í =-1.5, 7 +a (2.65x10®) or 

~3x10°x10° >. 

a = —_—____—_j using gE = ma 
2.65 


ma 6.64x10 7” x3x10° x10° 
oar 2x1.6x10” «2.65 
=_ 23.57 N/C 
1.e., 23.5 N/C towards left. 


45. 


46. 


47. 


48. 


49. 


50. 


Electrostatics 


(a) Since 3_6 the circuit is treated as wheatstone 
2 4 
bridge. 
3x6 2x4 8 20 10 
= + = 2+—-—=— =— 
a 3+6 2+4 6 6 3 
l q 4q 
(a) V =——_.—+_—_ x8 = ——— 
47, bV3 Breb 
2 
(a) Charge flow through battery as a function of time, 


Q = aceli-e 2) 
(c)i=i (1- e") 


across the inductor. 


(b) At t + © inductor is treated as short circuit. 


no current will pass through resistance which is 
parallelto inductor. 


i= EIR 
(c) Current inside the circuit 


TRA 


3R 


P.D. across the capacitor = r 
3 


A charge +q is placed (a, 0, 0) and another +q charge 
is placed at (—a, 0, 0) 

A charge -q is placed at the origin. If it is slightly 
displaced along y axis. then 

(a) it will move away 

(b) it will oscillate but not SHM 

(c) it will execute SHM 

(d) it will stand at the displaced position. 


Solution (c) 


3. Assuming mass m of the charged particle, find time 


period of oscillation in question 2. 


Ans,a°m 
(a) 2n = (b) 2x ioiai adii 
4rea m \ qq 
(c) Z a (d) none of these 
2\47¢,q°m 
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q x 
Solution (c) E= 2E cos = Ame ,(x? +a”) eat 


~ 419% 


-q E= F=mf=——\—33p: 8S X <<a, neglectin 
qd, if Ane, (x +a2)? 2 2 
, : ~9192* 

x“ as compared to acceleration, f= ———— 

4nea m 


E cos 0+ E, cos 0 


r 


(—a, 0, 0) 


Comparing it with f = 7x 


A 3 
= — or T=2 eee 
4nea m qq 


4. As per diagram, a charge q is placed at the origin O. 
Work done by a charge — Q in taking it from A (0, a) to 
B(a, 0) along the path AB 


A 
O B x 
fay: zeio (b) Pal q2 
4ne,a° 
-qQ qQ ja 
1% FAE \ (2 | 


(CBSE 2005) 
Solution (a) A & B are at same potential 
W=0 


5. Two charges q, and q, are placed 30 cm apart as shown 
in the Figure. Third charge q, is moved along the arc 
of a circle of radius 40 cm from C to D. The change in 


k 
potential energy of the system is ze where k is 
47, 
(CBSE 2005) 
(a) 8q, (b) 6q, 
(c) 8q, (d) 6q, 
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C 
40 
cm 
CA 
At—_ —— PB 
99;|1 1 84593 
PE =——|—-—]= 
Solution (c) 47E, + L AE, 


6. Two point charges +8g and —2gq are located at x = 0 


and x = L respectively. The location of a point on the 
x-axis at which the net electric field due to these two 
point charges is zero 

[AIEEE 2005] 


(a) 2L b) Ł 
4 

(c) 8L (d) 4L 
2q 8q 


Solution (a) - >= 0 orx= 2L 


———————— + ————_ 
4ne,(x- L) 42x 


7. Two thin wire rings each having a radius R are placed at 
distance d apart with their axes coinciding. The charges 
on the two rings are +g and —q. The potential difference 
between the rings are 

[AIEEE 2005] 


(d) zero 


Q |1 1 
Solution (b) V= E. | R Je age | on 


Q |l l1 
a 4né,| R R? +d’ 


AV=V,-V, 


8. A uniform electric field and a uniform magnetic field 

are acting along the same direction in a Certain region. 

If an electron is projected along the direction of the 
fields with a certain velocity then 

[AIEEE 2005] 
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(a) its velocity decreases 
(b) its velocity increases 
(c) it will turn towards right of its motion 
(d) it will turn towards left of direction of motion. 
Solution (a) F =-eE + e(yxB) 
E 
=—eE and v= v,- Za 
m 


9. Four point positive charges of same magnitude Q are 
placed at the four corners of a rigid square frame as 
shown in the Figure. 


Z-axis 
1 


É Q 
L 
O O 


pn ~— 


The plane of the frame is perpendicular to z-axis. If a 
negative charge -q is placed at a distance z away from 
the above frame (z << L) then 
(a) negative charge oscillates along the z-axis 
(b) it moves away from the frame 
(c) itmoves slowly towards the frame and stays in the 
plane of the frame. 
(d) it passes through the frame only once. 
[AIIMS 2005] 


Solution (a) Because the resultant force acts.as restoring 
force. 


10. The work done in carrying a charge q once round a 
circle of radius r with a charge Q at the centre is 


qQ qQ 
b 
(a) 4TE r ) 4ne,r° 
(c) qQ 3 (d) none of these 
47€ r 


(CET Karnataka 2005) 
Solution (d) W=0 -. Electrostatic force is conservative. 


11. Two small spheres each of mass m and charge q are 
tied from the same rigid support with the help of silk 
threads of length L. They make angle 0 with the vertical 
as shown in the Figure 


Electro statics 


If length L is decreased then angle @ with the vertical 
(a) increases (b) decreases 
(c) unaffected (d) cannot say 


Solution (a) @ is related inversely to length L. 

12. Two small spheres each of radius 1mm are kept 10 cm 
apart. Assuming each proton has a charge +e and each 
electron has a charge 0.1% less than the +e then find 


the force between the two spheres. Density of copper 
is 8.9 gem and atomic mass number is 63.5. 


(a) 1.2x 10N (b) 1.2x 102N 
(c) 1.2x 108N (d) 1.2x 10'4N 


Solution (d) mass of 1 mm radius sphere 
= 8.9 Kal: 
3 


=3.7x 10°g 
Charge on the sphere 
3.7x107 26.023 x 102 x 29 x x 1.6 x 10° 
100 
=161C 
1.61 1.61x9x10? 
~ (0.1)? 
= 2.34 x 102 N 


13. Two thin rods of length L lie along x-axis, one between 


x= tox=2 +L 

2 2 
and the other between x =- Ê to x=- 5 -L. 
Each rod has positive charge Q distributed uniform- 
ly along the length. Find the magnitude of the force 
which one rod exerts on the other. 


| 
| 
| 
t™ 
oy 
| 
RS 
—-—-@--—-]—--—----= 
vp 
= 
a 


q 
2 E as 2 EE 
<x} __»p 
2 
Q L+a 
(a) Ane 7 PE: 
TEL L-a 
2 
(b) Q l (L+ a)? 
476,L a(L— a) 
2 
2 
(c) Q log, (+a) 
4nE,L a(2L +a) 
2 
(d) slog, Eta) 
47€,L L(2a+L) 


Solution (c) Electric field at point P due to asmall element 
Odx 


dx of the rod on left side is [dE = |= 
TEX 
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15. Find the minimum force between the two electrons 
Q l l of He nucleus. Assume radius of He nucleus = 6.8 
= x ———— — — A’. 
: x+ x4 S4L 
2 2 


Force exerted on a small element dx is 


QQ l l 
7 | a dx or 
M eee oy 
2 = 
Q? L+a/2 a L+a/2 
F= slios, +8 —log,x+—+L | 
476 L al? 2 lap (a) 12x 10N (b) 1.2x 10-°N 
g? ka a (c) 0.12 x 10° N (d) 0.012N 
= 4r, L og, = L+a | Solution (b) Force will be minimum when electrons are 
; diametrically opposite. 
Q’ (L+a) 
= osje ong 1.6x1.6x10°% x9 «10° 
4ne,L a(2L +a) é psi 


min (13.6 x LOYD 
14. An annular disc has inner and outer radius R, and R, 
respectively. Charge is uniformly distributed. Surface =1.2x10N 
charge density is o. Find the electric field at any point 


distaney alone the axisor hiedie, 16. A line charge of length and charge Q uniformly 


distributed over the whole length is placed a distance 
R r from one edge from a point charge q as shown. Find 


a the force on the point charge 
i+ 
; y 
CT O.dx q 
ll ______e 
) | ———>|\«— r—» 
! \¢—— x ——> 
(a) — 
a e 
2, 
qQ qQ 
oy — — ix 
OE ET @ Aae (r+) (b) y 
£9 (R, — Mi) areara) 
Z 
Oy l l ali i 
(C) 3p 2, 2 fp? .2 Me |n N 
JR + R; + 
0 ; +y aty (c) Ane,| r? (r +1) (d) none of these 
Oo R, + 
(d) log 2 | | 
2&5 R+y Solution (a) Consider a small element dx of the line charge 
at a distance x from the point charge. 
Solution (c) Assume a hypothetical ring of radius x and Qdx 
thickness dx. Charge on the ring dg = o 2nxdx. Electric field Forced F= q TPE 
due to the ring at a point P distance y form the centre is úi 
dqy 2axdxy qQ rrtidx qQ - l | 
dE = ——<? or des "= F= dx _ Q |1l_ 
4ne,(x? +y’) n Are (x? +y’) 4re,l J, x? 4rel|r r+l 
R, 
o Loa xdx — y —] _ —_—_— 
E= 476, J (x? yo 26, © ty me yr (r+ ) 
l R, 


17. Two charges Q, and Q, are distance d apart. Two 
dielectrics of thickness t and t, and dielectric constant 


Oy l l | 
= >a | b2 2 h2 2 k and k, are introduced as shown. Find the force 
Al ty ma ee between the charges. 
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Solution (a) As illustrated in the Figure (b) the net force 


Q, at B is 
2 
2 q 24/2 -1 
FV2_F'=1 2 F271) 
4re,l Ane, ( NDJ 1) 476, 2l 
(a) ee 20. Charge Q is distributed uniformly on length / of a wire. 
ATE, |a =(ti tt) kti tkt) It is bent in the form of a ring. Find the electric field at 
the centre of the ring. 
(b) zero 
2,0, a) D 
(c) 3 4e,l 4n6 1 
ATE, |a + Vk it, + Vk t,) 
Q 
d 
OQ, i 276 l a 26 


= S 
47€, | Vkit + fkyt, +d-(t mig )| 


Solution (d) effective distance in vacuum 


Solution (d) Consider two small elements of length dl each 
Qdl Q(rd0) Qd 


charge dq on each element. dg = —— = 
l Tr T 
= kt +k, t, +d- (t +t) 
QQ, 


pe PO 
ATE, (kit +k,t, +d-(t, +t,)] 


18. When two charges are equal q each, force they exert 
on each other is F. When one of the charge is doubled, 
the 2g charge exerts a force 2F on charge q. The force 
exerted by g on 2g is 


dE, cos 0 + dE, cos 0 


F 
(a) F (b) — a 
2 ldE |= IdE], resolve dE, and dE,, their sin components 
F 
(c) — (d) 2F cancel out. dE = 2dE cos0 = g 7 cos@ and 
4 i TANEF 
(e) 4F 20 1/2 
Solution (d) Force is mutual. "Aner cba or 


19. ABCD is a square frame of side /. The force at B if > 
charges as shown in the Figure (a) are placed at the E -— L _Jsin 90 -sin 0|- £ ; 
comers of the square 2E,l 


4T E, z 
1 

qD > 
A 4 21. A capacitor has charge 50 uC. When the gap between 
the plates 1s filled with glass wool 120 uC charge flows 


through the battery. The dielectric constant of glass 


l wool is 
(a) 3.4 (b) 1.4 
| (c) 2.4 (d) none of these 
q 
—q A B ' 
(a) Q' 120+50 
K=—= = 3.4 
Solution (a) O 50 
2 2 : : r 
q (242 — 1) q (242 + 1) 22. Acharge of luC is given to one plate of a capacitor and 
(a) a D = a charge of 2 uC is given to the other plate of a 0.1 uF 
47é, 2l 47,1 ne 
capacitor. Find the potential difference across the two 
q? (242 - 1) q? (242+ 1) plates of the capacitor. 
C ooe (d) (a) 5V (b) 10 V 


4re, l? 4re, 21° (c) 15V (d) 30 V 
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Solution (a)Q..=2-1=1yC. charge = ~ uC will appear 


on each side of the plate as illustrated in the Figure. 


+2, -9,)|- * o, -0, 
+1uc +2uC 2 = 2 
mre 
Va knea!2 _ 0.5 =5 V 
C 0.1 


23. A large conducting plane has surface charge density 
10+ C/m?. Find the electrostatic energy stored in a 
cubical volume of side lcm in front of the plane. 


(a) 1.4J (b) 2.8] 
(c) 5.6] (d) none of these 
2 
Solution (c) U = — s, E (Vol.) e 8, z) (Volume) 
2 2 “\é, 

2 10% )x10° 

a (ol ise LUET 
26, 2x 8.85 x10 2x 8.85 


24. In the network shown C, = C, C, = 2C, C,= 3C, C, = 
4C find the ratio of charge C, to C, 


C: 
Al L 
C 


(b) 2% 
a ¥, 


(a) 4 
© 7 


(CBSE, 2005) 
i NOY 
Solution (d) C,, C, and C, in series c c act 


eq 
6C _ Q, _ CaVo _6/ll_ 3 
a 11 Q CY ë 4 22 


25. A fully charged capacitor has a capacitance ~C’. It 
is discharged through a small coil of resistance wire 
embedded in a thermally insulated block of specific 
heat capacity s and mass m. If the temperature of the 
block is raised by AT, the potential difference V across 
the capacitance is 


dou 
3C 6C 


(a) 2nCAT (b) mCAT 
S S 
msAT 2msAT 


(c) (d) 


[AIEEE 2005] 
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CV2=msATor y= |Z"SAT 


Solution (a) £ 
2 C 


26. A parallel plate capacitor is formed by stacking 
n equally spaced plates connected alternately. If 
capacitance between two adjacent plates is C then the 
resultant capacitance is 
(a) (n-1)C 
(c) C 


(b) (n+1)C 
(d) nC 
[AIEEE 2005] 


Solution (a) C,, = (n —- 1)C (one less than the number of 
plates) 


27. An arr filled parallel plate capacitor has a capacity 2 pF. 
The separation between the plates is doubled and the 
inter space is filled with wax. If the capacity is increased 
to 6 pF, the dielectric constant of the wax is 


(a) 2 (b) 4 
(c) 3 (d) 6 
[CET Karnataka 2005] 


C" OpF _O6pF 
Solution (d)K=c@ C/ = 6 
C % | pF 


28. If each capacitor has capacitance C in the Figure (a) 


then find C,, 
C 
(a) C 0b) & 
(d) none of these 


Ú) 307 


Solution (c) Look into equivalent the Figure (b) and (c). 
The dotted part is Wheatstone bridge with C „= C then further 
equivalent circuit is shown in the Figure (c). 


HHHH 
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29. Square plates of area 2a’ are filled with dielectric of | 31. Find C,, in the infinite network shown in the Figure. 


strength k, k, and k, as shown in the Figure. Find Coq 


6,a° (kk, +k,k,) (b) 26,a° (kk, + k,k;3) E 
d(k, +k, +k,) d(k, +k, +2k,) | | | | | | | | | 
26,a° (kk, + k„k,) C C C — poo 
— d f th T T T 
(c) d(2k, +2k, +k.) (d) none of these 
Solution (b) The equivalent capacitance circuit is where 5 
Ce Eka’ Ce Ek a” (a) C (b) -2C 
tg na aoe (c) 2C (d) -C 
2e ka? ] ] | Solution (a) Let X be the equivalent capacitance. If one 
= FI — = e more network is added capacitance remains unchanged. Thus 
a tO, G from equivalent circuit of the Figure. 
d d 
=n l x= LCF) or X+ 30K = 202 + CX or X? + CX 
Ega (k +k,) E,a 2k, X +3C 
2e,a° (k, +k, )k -2C =0 or (X + 2C) (X-C) = 0 or X= C, X #-2C 
0 1 2 3 
Ca = (k, +k, +2k,)d k +k, +2 k,) F "Capacitance is not negative. 


(a2 aAa TT 
SX VAsx wn” J- T FT 
1—2 a 


30. Each capacitor has capacitance C in the Figure (a). Find 


Cis 32. Find C,, if each capacitor is C in the Figure. 
= A S B 
" if “Ee 
(a) 3C (b) 2C 
C 

N Le () c @ XY 

(a) C (b) 2C Solution (c) The equivalent circuit is shown in the Figure 
2C 

(d) A (d) 3, (a) and (b). From the Figure (b) Ci, = 5 = 


Solution (c) Note that dotted part in the circuit is a Wheat- 


C Ci2 Ci2 
stone bridge with CL, =C ~ Cas =~ from the Figure (c) 
2 c C 
| A B 
` C/2 C/2 
C 


(a) 


~ m = 


(b) 
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33. In the circuit shown in the Figure charge on 1 uF and | 10 
3uF capacitors respectively is 


3.Q 62 


15V 10uF 


36. If each capacitor is C find C,, in the given circuit of 


Figure (a). 
(a) 7uC,3 uC (b) 3uC,3 uC (a) aC, (b) 4C 
(c) 7uC,21 uC (d) 3uC,21 uC 

© & a 


OV 
solution (d)/ EF =1A Solution (a) equivalent circuit of Figure (a) is 


Potential drop across 1 uF capacitor = 1 x 3 = 3V C= Cx3C _ 3C ONAN Figure (b) 
Potential drop across 3 uF capacitor = 1 x 7 = 7V C+3C 4 


Charge on 1 uF capacitor Q! = CV=1x3=3 uC 


Similarly charge on 3uF capacitor Q?=7x3=21 uC | C 
34. Find the potential at D in the Figure taking potential at C C 
A 
B to be zero. B = B 
(a) 24V (b) 8V i 
(c) 12V (d) 16 V 
CV, _ 12x24 (b) 
7 (a) 


d) V = =16 V 
Solution (d) C4+C, 18 
12uF 6uF 37. Each capacitor in the circuit of Figure is 4 uF. When the 
D switch S is closed how much charge will flow through 
A B AB? 
2uF (a) 320 uC (b) 213 uC 
(c) 107 uC (d) none of these 

Solution (b) Case (i) switch is open Q =8%4 x 40 

24V 320 12 


=—_ uC 
3 


35. Find potential drop across BD in the given the Figure. Case (ii) switch is closed: Q = 8x40 = 320 uC 


10uF Charge flowing through AB = 320 - 320/ = 640 
' 13-7 
im o] i 
15V 5 uF 5 uF S 
D 
(a) 5V (b) 7.5 V 
(c) 10V (d) none of these 
Solution (b) See equivalent circuit Figure E 
C, 
Vip = Cle 38. A parallel plate capacitor has plate area 100cm? and 
separation between the plates is 1 cm. A glass plate 
V= 10x15 =7.5 V (k = 6) of thickness 6 mm and an ebonite plate (k, = 4) 
20 


of thickness 4 mm are inserted. Find Coa 
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(a) 4.085 pF 
(c) .4085 nF 


(b) 40.85 pF 
(d) 40.85 nF 


CC, E,A kk, 


Solution ©) C.= Cc (kd, +kd) 


8.85x107? x10? x6x4 
= (6x6x10° +4x 4x10") 


= 4.085 x 10"! F 
7 
KKK oi 
o | 


(b) 


39. A5 uF capacitor is charged to 12 V. The positive plate 
of the capacitor is connected to the negative terminal of 
a 12V battery and vice versa. Find the heat developed 
in the connecting wires. 
(a) 72 uJ 
(c) 1.44 mJ 


(b) 720 uJ 
(d) 144 mJ 


Solution (c) E=} cv2= L x5 x 10% (24) = 1.44 mJ 
2 2 


PRACTICE EXERCISE 3 
(UNSOLVED) 


1. Two identical rings of radii 0.1 m are placed co—axially 
at a distance 0.5 m apart. The charges on the rings 
are 2uC and 4uC respectively. The work done in 
transferring 5uC charge from the centre of one ring to 
that of the other will be nearest to 
(a) 0.50 J (b) 0.75 J 
(c) 1.00J (d) 1.50 J 


2. The electric field strength due to a ring of radius R at a 
distance x from its centre on the axis of ring carrying 


o 1 Qx 
At what distance from the centre will the electric field 
be maximum ? 


charge Q is given by E 


(a) x=R b) x= £ 
2 

R R 

= -— d = —_ 

(c) x Na (d) x a7 


Electrostatics 


12V 


12V 


40. Consider the assembly of 3 shells (conducting and 
concentric) of radii a, b and c as shown in the Figure. 
Find the capacitance between A and B. 


476, (ba)(bc) 
4 ba be b 0 
(a) NE, 5 ( ) b(b—a) +(c—b)ec 
(c) a (d) none of these 


C—a 


Solution (c) Presence of a thin sheet between parallel 


47 ,ca 
plates does not affect the capacitance. Hence, C = 


C—a 


B 


S 


ay 


L 


3. Positive charges of 2uC and 8uC are placed 15cm 
apart. At what distance from the smaller charge will 
the electric field due to them be zero ? 

(a) 3cm (b) 5cm 
(c) 7 cm (d) 10 cm. 


4. A charge is distributed over two concentric hollow 
spheres of radii R and r, where R > r, such that the 
surface densities of charges are equal (o). What is the 
potential at their common centre ? 


(a) —(R+r) b) —(R+r) 
Ey Ey 

(c) ZR (a4) <r 
Ey Ey 


5. A charge q is distributed over two spheres of radii R 


and r such that their surface charge densities are equal. 
What is the ratio of the charges on the spheres ? 
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10. 


11. 


(a) 7 o) 
R R 
(c) r (a) f 
R? R* 


A charge q is distributed over two spheres of radii R 
and r such that their surface densities are equal. What 
is the ratio of their potentials ? 


(a) R TE 
r r 
oL qa 
r r 


A ring of radius 6 cm is given a charge 10uC. How 
much work will be done in transporting a charge of 
6uC from its centre to a point 8 cm along its axis ? 
(a) 63mJ (b) 84mJ 

(c) 105mJ (d) 126mJ 


Two conducting spheres of radii r, and r, are at the same 
potential. What is the ratio of the charges on them ? 


r 


(a) fH (b) fi 
P 6 
(c) + (d) nn 


Two conducting spheres of radii r, and r, are charged 
such that they have the same electric field on their 
surfaces. The ratio of the electric potential at their 
centres is 


r 


r 
a) a> (b) + 

h r, 

2 
(c) a (d) none of the above. 


An uncharged metallic hollow sphere is placed 
in uniform external electric field. The path of the 
electric field lines in and around the conductor is 
represented by 


(a) 


(b) 
(c) 
(d) 


How does the electric field (E) between the plates of 
a charged cylindrical capacitor vary with the distance 
(r) from the axis of the cylinder? 


@) Bos b) Bat 
r r 
(c) Ear? (d) Eor 


12. 


13. 


14. 


15. 


16. 


17. 
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The electric field line in the X — Y plane is represented 
by x° + y = 1. A test charge q, is placed at a distance x 
= 1, y = 1. What will be the nature of the path followed 
by it ? 

(a) Circle 
(c) Parabola 


(b) Straight line 
(d) Cannot be predicted 


A ring of radius R is carrying uniformly distributed 
charge + Q. A test charge — q, is placed on its axis at a 
distance 2R from the centre and released. The motion 
of the particle on the axis will be 

(a) periodic (b) non periodic 

(c) simple harmonic (d) random. 


Five equal and similar charges are placed at the corners 
of a regular hexagon as shown in the Figure. What is 
the electric field and potential at the centre of the 
hexagon ? 


q 


5 5 1 5 
@ — 1-4  —1,-4 
4mé, l 426, 1 4mé, | 426, 1 

5 1 1 1 
@ —1—41 @ —4_4 
4nte, 1 426, l 4aé, | 426, 1 


Which of the following combinations of seven identical 
capacitors each of 2uF gives a capacitance of 10/11u F? 
(a) 5 in parallel with 2 in series 
(b) 4 in parallel with 3 in series 
(c) 3 in parallel with 4 in series 
(d) 2 in parallel with 5 in series 


The electric field at the centre of a uniformly charged 
ring is zero. What is the electric field at the centre of a 
half ring if the charge on it be Q and its radius be R? 


1 Q 1 Q 
(a) 7 7 (b) pe 
TE TR 4ne, R 
1 2Q 1 2Q 
(©) “Ane. aR (d) ra 
TE TR 4ne, R 


What is the electric potentia 


l at the centre of a 


hemisphere of radius R and having surface charge 


density o ? 
o o 
a >— (b) — 
Eo 0 
o o 
(c) —R (d) 5R 
Ey eR 
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18. 


20. 


21. 


The following Figure shows four capacitors connected 
across a power supply of 310 V. What is the charge and 
potential difference across the 4oF capacitor ? 


22; 


20uF 


310.V 
= 
T 


12uF 


23: 


(a) 1200 oF, 310 V 
(c) 600 oF, 150 V 


(b) 600 oF, 310 V 
(d) 1200 oF, 150 V. 


Five capacitors are connected to each other as shown 
in the Figure. What is potential drop and charge 
across 4u F capacitor ? 


bur 6uF  4uF | bur 18uF 
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24. 


(a) 6 V, 3uC 
(c) 6 V,40 uC 


(b) 10 V, 30 uC 
(d) 10 V, 40 uC. 


Five identical plates are connected across. a battery as 
in the Figure. If the charge on plate 1 be +q, then the 


charges on the lates 2, 3, 4 and-5 are 25. 


W 


26. 


(a) -4, +4, -4, +q 

(b) —2q, +2q, —2q, +q 

(c) — 4, +2q, —2q, +q 

(d) none of the above 

Three capacitors are connected across a 45V power 
supply as shown in the Figure. What is the charge on 


the 6 uF capacitor? 21. 


6UF 12 uF 
Peer Ite 28. 
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(b) 90uC 
(d) 180uC 


(a) 60uC 
(c) 120uC 


Six identical capacitors each of 2uF are joined in 
parallel and each is charged to 10 V. They are then 
disconnected and joined in series so that positive plate 
of one is joined to the negative plate of the adjacent 
capacitor. What is the potential difference of the 
combination ? 
(a) 10V 

(c) 60 V 


(b) 30V 
(d) 120 V 


A capacitor of capacitance 10uF is charged by 
connecting through a resistance of 20 Q and a 
battery of 20 V. What is the energy supplied by the 
battery? 


10uF 


20V 


(a) Less than 2 m J 
(c> More than 2m J 


(b) 2mJ 
(d) Cannot be predicted 


Force acting on a test charge between the plates of a 
parallel capacitor is F. If one of the plates is removed, 
then the force on the same test charge will be 
(a) zero (b) F 
(c) 2F (a) E 

2 


Two point charges Q and — 3Q are placed certain 
distance apart. If the electric field at the location of Q 
be E, then that at the location of — 3Q will be 


(a) 3E (b) -3E 


E 
d -2 
(d) A 


— 


(cy) £ 
3 


The length of each side of a cubical closed surface is 
a. If charge q is situated on one of the vertices of the 
cube then the flux passing through each face of the cube 
will be 


Ta © se 
o- (a): vere 
8é, 


A charged conductor has charge on its 
(a) outside surface (b) surrounding 
(c) middle point (d) inner surface 


The laws of forces that govern the force between two 
electric charges were discovered by 

(a) Faraday (b) Ampere 

(c) Ohm (d) Coulumb 
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29. 


30. 


31. 


32, 


33. 


34. 


3D. 


36. 


37. 


A charge Q is placed on to two opposite corners of a 
square. A charge q is placed at each of other two corners. 
Given that resultant electric force on Q is zero, then Q 
is equal to 


(272) -4 
: (b) (ai) 
© (2v2)q (d) (-2V2)q 


Let us suppose that earth (radius 6400 km) had a net 
charge equivalent to one electron per m? of its surface 
area. Its potential in volts will be 

(a) -1.2 (b) -0.12 

(c) 0.12 (d) 1.2 


(a) 


A charge Q is divided into two parts. The two charges 
kept at a distance apart have a maximum columbian 
repulsion. Then the ratio of Q and one of the parts is 
given by 
(a) 1:4 
(c) 2:1 


(b) 1:2 
(d) 4:1 


In comparison with the electrostatic force between two 
electrons, the electrostatic force between two protons 
iS 

(a) zero 

(c) same 


(b) smaller 
(d) greater 


A positively charged ball hangs from a long silk thread. 
We put a positive test charge q, at a point and measure 
F'/q,, then it can be predicted that field E 


(a) >F/q, (b) <F/q, 
(c) is equal to F/q, (d) none of these 
An electron of mass m and charge £ is accelerated from 


rest through a potential difference Vin vacuum. Its final 
speed will be 


(a) 2eV (b) eV 
m m 

G a e 
2m m 


A helium ion and a hydrogen ion are accelerated from 
rest through a potential difference of V to velocities v,,, 
and v,, respectively. If helium has lost one electron, the 
ratio of Vye /Vy is 

(a) 1/4 (b) 1/2 

(c) 1 (d) v2 


A charge q is placed at the centre of the line joining 
two equal charges Q. The system of the three charges 
will be equilibrium if q is equal to 
(a) —(Q/4) (b) —(Q/2) 
(c) (Q/2) (d) (Q/4) 
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A proton has a mass 1.67 x 107” kg and charge 
+ 1.6 x 10°'° C. If the proton is being accelerated 


38. 


39. 


40. 


41. 


42. 


43. 
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through a potential difference of one millions volts 
then the K.E. is 

(a) 16x 10% J 
(c) 16x10? J 


(b) 3.2x 10-33 
(d) 1.6 x 10-!3J 


An electron having charge —e located at A, in 
the presence of point charge + g located at O, is moved 
to the point B such that OAB forms an equilateral 
triangle. The work done in the process is equal 
to 

(a) —eqg/AB 
(c) g/AB 


(b) eg/AB 
(d) zero 


The electric flux ¢ through a hemispherical surface of 
radius R, placed in a uniform electric field of intesity 
E parallel to the axis of its circular plane is 

(a) (4/3) nReE (b) 22R°E 

(c) tR°E (d) 2xRE 


A charge of 6.76 uC in an electric field is acted upon 
by a force of 2.5 N. The potential gradient at this point 
is 

(a) 3.71 x 10° Vm"! 
(c) 3.71 x 10° Vm"! 


(b) 3.71 x 102 Vm- 
(d) 3.71 x 10°Vm" 


A charge is kept at the centre of a shell. Shell has charge 
Qand radius R. The force on the central charge due to 
the shell is 

(a) towards left 
(c) upward 


(b) towards right 
(d) zero. 


The following figure (a) shows an imaginary cube of 
edge L/2. A uniformly charged rod of length L moves 
towards left at a small but constant speed v. At t= 0, the 
left end just touches the centre of the face of the cube 
opposite it. Which of the graphs shown in the figure 
(b) represents the flux of the electric field through the 
cube as the rod goes through it ? 


L/2 


(b) 


Electric charges are distributed in a small volume. The 
flux of the electric field through a spherical surface of 
radius 10 cm surrounding the total charge is 25 V/m. 
The flux over a concentric sphere of radius 20 cm will 
be 

(a) 25 V-m 
(c) 100 V—m 


(b) 50 V—m 
(d) 200 V—m. 
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44. A charge q is placed at the centre of the open end of a 


45. 


46. 


47. 


48. 


49. 


cylindrical vessel. The flux of the electric field through 
the surface of the vessel is 


q 
(a) zero (b) £ 
Eo 
2 
(©) 5 o =. 
Eo Eo 


Mark the correct options: 

(a) Gauss’s law is valid only for symmetrical charge 
distributions. 

(b) Gauss’s law is valid only for charges placed in 
vacuum. 

(c) The electric field calculated by Gauss’s law is the 
field due to the charges inside the Gaussian surface. 

(d) The flux of the electric field through a closed 
surface due to all the charges is equal to the flux 
due to the charges enclosed by the surface. 


A positive point charge Q is brought near an isolated 

metal cube. 

(a) The cube becomes negatively charged. 

(b) The cube becomes positively charged. 

(c) The interior becomes positively charged and the 
surface becomes negatively charged. 

(d) The interior remains charge free and the surface 
gets nonuniform charge distribution. 


The electric field in a region is radially outwards and has 
a magnitude E = Kr. The charge contained in a sphere 
of radius a is 


(a) K4ne,a’ (b) K f teya’ 


(c) K4re a? (d) none of these 


A charged particle having a charge —2 x 10% C is placed 
close to the non-conducting plate having a surface 
charge density 4 x 10% cm”. The force of attraction 
between the particle and the plate is nearly 

(a) 0.9 N (b) 0.71 N 

(c) 0.62 N (d) 0.45 N 


A non-conducting sheet of large surface area and 
thickness d contains uniform charge density p. The 
electric field at a point P inside the plane at a distance 
x from the central plane 0 < x < d 


px pa 
D x D Ss 
c) & a 

E 2E 
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54. 
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A long cylinder contains uniformly distributed charge 
density p. The electric field at a point P inside the 
cylinder at a distance x from the axis is 


px x 

(a) b) 2> 
Eo 2E,, 
px 

(c) — (d) none of these 
4E 


0 


A long cylindrical wire carries a linear density of 3 x 
10° cm". An electron revolves around it in a circular 
path under the influence of the attractive force. KE of 
the electron is 

(a) 1.44x10°7J 
(c) 4.32 x 10" J 


(b) 2.88 x 10" J 
(d) 8.64 x 10" J 


The electric field at a point 5 cm from a long line charge 
of density 2.5 x 10% cm is 

(a) 9 x 10° NCY (b) 9 x 104 NC“ 

(c) 9 x 10° NC7 (d) 9 x 106 NC“ 


A charge is uniformly distributed in the hollow sphere 
of radii r, and r, (r, > r,). The electric field at a point P 
distance x from the centre for r, < x <r, is 


Q(x) Q(x'-n) 
g TE, (7; =y ) ®) ATE, (7; =r? ) 
Q(x? -r ) Qr? 
- Anex (r, — r°) a Amex (r - r) 


The radius of gold nucleus is about 7 x 10-7" m 
(Z= 79). The electric field at the mid-point of the radius 
assuming charge is uniformly distributed is 

(a) 1.16 x 10'°NC"! (b) 1.16 x 10” NC” 

(c) 2.32 x 10” NC! (d) 2.32 x 10°? NC 


A spherical volume has a uniformly distributed charge 
density 2 x 10* cm”. The electric field at a point inside 
the volume at a distance 4.0 cm from the centre is 

(a) 3.15 x 10° NC” (b) 2.1 x 10° NC! 

(c) 6.2 x 105 NC7! (d) none of these 


A charge Q is placed at the centre of a cube. The flux 
through the six surfaces of the cube is 


(ay) 2 (b) 22 
Ey Ey 
c) £L a L 
6E, 36i 


The electric field in a region is 
3 -1 -1 
paii (NC~'cm ER 
2 
The charge contained inside a cubical volume bounded 
by the surfaces x = 0, x= 1, y=0, y= 1,z=0,z=1is 
(where x, y, z are in cm) 


(a) 2.21 x 102C 
(c) 2.21 x 10°C 


(b) 4.42 x 10-2 C 
(d) 4.42 x 10°C 
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60. 
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63. 
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A charge Q is uniformly distributed over a rod of length 
L. Consider a hypothetical cube of edge / with the centre 
of the cube at one end of the rod. The minimum possible 
flux of the electric field through the entire surface of 
the cube is 


a = E 
S Ze, 
Q Q 

© 5 d o5 


The electric field in a region is given by E = 2 E J 
5 


with E =2 x 10° NC". Find the flux of this field through 
a rectangular surface of area 0.2 m? parallel to the Y-Z 
plane. 

(a) 320 Nm?’C! 
(c) 400 Nm’C! 


A positive point charge Q is brought near an isolated 

metal cube. 

(a) The cube becomes negatively charged. 

(b) The cube becomes positively charged. 

(c) The interior becomes positively charged and the 
surface becomes negatively charged. 

(d) The interior remains charge free and the surface 
gets non-uniform charge distribution. 


(b) 240 Nm?C"! 
(d) none of these 


A 10 uF condenser is charged to a potential of 100 
volt. It is now connected to another uncharged 
condenser. The common potential reached is 40 volt. 
The capacitance of second condenser is 

(a) 2uF (b) 10 uF 

(c) 15uF (d) 22 uF 


When a thin mica sheet is placed between the plates of 
a condenser then the amount of charge, as compared to 
its previous value, on its plates will become 

(a) unchanged (b) zero 

(c) less (d) more 


When dielectric medium of constant k is filled between 
the plates of a charged parallel-plate condenser, then the 
energy stored becomes, as compared to its previous value, 
(a) k” times (b) k° times 

(c) k! times (d) k times 


A capacitor of capacitance C is connected to battery 
of emf V, Without removing the battery, a dielectric 
of strength e is inserted between the parallel plates of 
the capacitor C, then the charge on the capacitor is 


(a) CV, (b) e CV, 
(c) Ai (d) none of these 
E 


The capacitance of conducting metallic sphere will be 
lu F if its radius is nearly 

(a) 1.12 cm (b) 10cm 

(c) 1.11 cm (d) 9 km 


The potential difference between the plates of a 
condenser of capacitance 0.5u F is 100 volt. It is 


67. 


68. 


69. 


70. 


TA. 


72. 


13: 


74. 


(ar 


76. 
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connected to an uncharged condenser of capacity 0.2u 
F by acopper wire. The loss of energy in this process 
will be 
(a) OJ 
(c) 0.7 x 10°J 


(b) 0.5 x 10°J 
(d) 10°J 


The electric energy density between the plates of 
charged condenser is 
(a) q/2e A’ 

(c) q°/ (2¢,A’) 


(b) q/2e,4 
(d) none of these 


Farad is not equivalent to 
(a) CV’ (b) JIV 
(c) Q°IJ (d) Q/V 


The energy stored between the plates of a condenser in 
not represented by 


(a) U= > (b) U=2qV 
q” qv 

= — d = —— 
es 2C ald 2 


The capacitance of a spherical conductor of radius r is 
proportional to 


(a) l/r (b) r 
(c) Wr (d) r 
The net charge on a condenser is 
(a) infinity (b) q/2 
(c) 2q (d) zero 


Two charged conducting spheres are joined by a 
conducting wire then 

(a) nothing will be conserved 

(c) the total energy will be conserved 

(c) the total charge will be conserved 

(d) the total charge and energy will be conserved 


The capacitance of a charged condenser is C and energy 
stored on account of charge on it is U, then the quantity 
of charge on the condenser will be 


(a) J2UC (b) > 
(c) 2 UC (d) zero 


A 100 u F capacitor is charged to 200 volt. It is 
discharged through a 2 ohm resistance. The amount of 
heat generated will be 
(a) 0.4J 

(c) 2J 


(b) 0.2J 
(d) 4J 


The capacitance of a condenser is 20 u F and it is 
charged to a potential of 2000 V. The energy stored in 
it will be 

(a) zero (b) 40J 

(c) 80J (d) 120J 


If the diameter of earth is 128 x 10° km then its 
capacitance will be 
(a) 71lu F 
(c) 21lu F 


(b) 331u F 
(d) 11lu F 
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A condenser is charged to a potential difference of 
200 volts as a result of which it gains charge of 0.1 
coulomb. When it is dischargd then the energy released 
will be 
(a) 1J 
(c) 10J 


(b) 2J 
(d) 20J 


The capacitance of a parallel plate capacitor in air 
is 2 uF. If dielectric medium is placed between the 
plates then the potential difference reduces to 1/6 
of the original value. The dielectric constant of the 
medium is 
(a) 6 

(c) 2.2 


(b) 3 
(d) 4.4 


When two condensers of capacitance lu F and 2 u F 
are connected is series then the effective capacitance 
will be 


En b) 2 uF 
3 2 


(c) 3uF (d) 4u F 


What will be area of pieces of paper in order to make 
a paper condenser of capacitance 0.04 u F, if the 
dielectric constant of paper is 2.5 and its thickness is 
0.025 mm? 

(a) 1m? 

(c) 4.51 x 10° m? 


(b) 2x 10° m? 
(d) 10° m? 


Three condensers each of capacitance 2 F; are 
connected in series. The resultant capacitance will 
be 

(a) OF 
(c) 2/3 F 


(b) SF 
(da) 3/2 F 


Which material sheet should be placed between the 
plates of a parallel plate condenser in order to increase 
its capacitance? 
(a) mica 

(c) tin 


(b) copper 
(d) iron 


Three condensers of capacity 2 uF, 4 uF and 8 
u F respectively, are first connected in series and 
then connected in parallel. The ratio of equivalent 
capacitances in two cases will be 

(a) 7:3 (b) 49:4 

(c) 3:7 (d) 4:49 


A conducting hollow sphere of radius 0.1 m is given a 
charge of 10 u C. The electric potential on the surface 
of sphere will be 
(a) zero 

(c) 9x 10°V 


(b) 3x 10°V 
(d) 9x 10°V 


The capacitance of parallel-plate capacitor is 4u F. If 
a dielectric material of dielectric constant 16 is placed 
between the plates then the new capacitance will 
be 

(a) 1/64 u F 
(c) 64u F 


(b) 0.25 u F 
(b) 40u F 


86. 


87. 


88. 


89. 


90. 


ol 


92. 


Electro statics 


The energy acquired by a charged particle of 4 u C 
when it is accelerated through a potential difference 
of 8 volt will be 
(a) 3.2 x 107 J 
(c) 2x 10°J 


(b) 3.2x103J 
(d) 2x 1053 


Two parallel-plate condensers of capacitance of 20 
u F and 30 u F are charged to the potential of 30 V and 
20 Vrespectively. If likely-charged plates are connected 
together then the common potential difference will be 
(a) 10 V (b) 24V 

(c) 50 V (d) 100 V 


64 water drops having equal charges combine to form 
one bigger drop. The capacitance of bigger drop, as 
compared to that of smaller drop will be 

(a) 4times (b) 8 times 

(c) 16 times (d) 64 times 


Three capacitors C, C and 2C are arranged in different 
arrangements. The number of equivalent capacitances 
that can be fabricated are 
(a) Four 

(c) Six 


(b) Five 
(d) Seven 


The equivalent capacitance between terminals is 


, 6 UF 1 uF 
ONIG” 
2 uF 
2 uF 
(a) 2.4 uF (b) 3.2 uF 
(c) 1.4 uF (d) 4.0 uF 


A graph between energy (E) and potential (V) for a 
capacitor will be 


E E 
(a) Va y (b) Ke 

E E 
(c) a (d) a 
The potential difference between A and B is 23 Volt. 
The p.d. in volts across the 3 uF capacitor is 
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| 2 uF 
A | | 
6V 
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{HHH 


(b) 3V 
(d) 13 V 


(a) 4V 
(c) 12V 


Three identical parallel plates of equal dimension area 
have 36 mcm? each and separation between consecutive 
plates is 0.04 mm. The energy stored will be 


(a) 0.36 uJ 
(c) .036 uJ 


(b) 0.16 uJ 
(d) .061 uJ 


A capacitor network is shown in figure. The potential 
across 2 uF capacitor will be 


uF 3uF 
3V 


(a) 1.2 Volt 
(c) 1.8 Volt 


(b) 1.5 Volt 
(d) 2.4 Volt 


A capacitor network is shown in figure. The equivalent 
capacitance between OA will be 


(a) 


(c) 


Nya AIO 
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96. If capacitance of capacitor is 1 uF. Its charge will be 


(a) 13uC 
(c) 23 uC 


(b) 21 uC 
(d) 7uC 


. A circuit network is shown in figure. The charge on 


capacitor will be 


ER, ER, 
(a) (r+R,) (0) (R, +R, +r) 

ER, ER, 
(+r) © (R,+R) 


. The plates of a capacitor are charged with a battery so 


that the plates of capacitor have the p.d. equal to emf 
of the battery. The ratio of the work done by the battery 
and the energy stored in the capacitor is 

(a) 1:1 (b) 1:2 

(c) 2:1 (d) 1:4 


. The resistance of the capacitor when it is connected 


with battery will be 
(a) zero 
(c) infinite 


(b) finite 
(d) none 


100. The equivalent capacitance of combination will be 


GC 
C 
O 
(a) 2C (b) = 
(c) = (d) none 
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Answers to Practice Exercise 3 
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Electric current, Drift velocity, Ohm's law, Electrical resistance, Resistances of different materials, V-I characteristics 
of Ohmic and nonohmic conductors, Electrical energy and power, Electrical resistivity, Colour code for resistors; 
Series and parallel combinations of resistors; Temperature dependence of resistance. Electric Cell and its Internal 


resistance, potential difference and emf of a cell, combination of cells in series and in parallel. Kirchhoff's laws and 
their applications. Wheatstone bridge, Metre bridge. Potentiometer—principle and its applications. 


BRIEF REVIEW 


Hectric Current The time rate of change of chargei: e., 


dQ |. 
— is called current. 
dt 


or = —. 


The unit of current is Ampere (A). DC current is a 
scalar quantity. However, AC current is a phasor (vector). 


Current may be divided into three types from the point 
of view of generation. 


(a) Drift Current When electric field is applied in a 
conductor, then current due to drift velocity flows. 
Such a current is called drift current and is given 
by I = neAv, where n is number electron density, 
e charge on an electron, v, is drift velocity and A is 
area of cross-section. 


Drift Velocity  (v,) is the average directed velocity along 
the length of the conductor in the presence of applied electric 


a eEt 
field. It is given by v, = Fs 


where T is relaxation time, E is applied electric field and m 
is mass of the electron. 


Relaxation time The average time between two 
successive collisions of electrons is called relaxation time. 


(b) Diffusion current Diffusion current occurs 
due to charge density gradient. Thermocouples 
and semiconductors show diffusion current. 


n 
I ET De— where D is diffusion constant and 
iffusion dx 


dn 
eT is charge density gradient. 


(c) Displacement current It is generated due to 
varying electric/magnetic flux. 


E s ; 
E . 
D where ¢, is electric flux and ¢, is 


permittivity of free space. 


dispalcement ` 


Cells and generators are common sources of electricity. 


Ideal Voltage Source An ideal voltage source is one 
in which voltage does not vary irrespective of the value of 
current drawn. An ideal voltage source has zero internal 
resistance. Fig. 12.1 (a) 


0 


(a) (b) 


Characteristic Representation 


Fig. 12.1 Ideal voltage source 


The maximum potential drop across a cell/device when 
no current is drawn. Emf is equivalent to open circuit voltage. 


12.2 


Emf can be measured using ideal voltmeter. Since practically 
we do not have an ideal voltmeter, we use potentiometer to 


measure emf. Unit of emf is Volt (V),1V= Ic 
An ideal voltmeter has infinite resistance. In present 
day technology VI VMs or electronic voltmeters are nearly 
ideal. 
l I ne’t 
Current Density J=— =nev,= E 
A m 


Also J = oE where o is conductivity. Thus o = —— 


Note that current density is a vector. $ J-ds =l 


Conductivity © is reciprocal of resistivity p. 


m 
Thus © = ? and hence p = mr J 


Unit of conductivity is (ohm-m)" 
Resistivity of a substance is the resistance offered by a 
unit cube of the material., i.e., p = R if L= Im and A = Im? 
Its unit is ohm-m. Resistivity or specific resistance varies 
inversely with pressure. Moreover p = p (1+ aT) 


where a is thermal coefficient of resistance . 


Resistance R ofa conductor o/ (length of the conductor) 


l 
and Re a where A is area of cross-section 


l 
R=p rr where p is the resistivity. 


Resistance offers oppositon to the flow of current. 
Resistances are of three types ohmic, nonohmic and 
negative. Ohmic resistances follow Ohm’s law V=/R or 
V œ J. Vacuum tubes and semiconductors are examples 
of nonohmic resistances. For such devices dynamic 
dV 
dl 
determined. A negtative resistance device shows inverse 


resistance or incremental resistance r = or r= is 


l 
relation between V and /, i.e., I x7: Tunnel diode, 


tetrode and thyristors are examples of negative resistance 
devices. 


Potential (V) Amount of work done to bring a 
unit positive charge from infinity to that point against 
the electric field of a given charge without changing 
velocity or kinetic energy is called potential. Its unit 
is volt (V). Practically we can measure only potential 
difference. Potential cannot be measured as infinity cannot 
be defined. 


Potential difference is the difference of potentials 
between two points. Thus potential difference V = V-V, 


Emf of a cell depends upon the nature of electrolyte 
and nature of electrodes. Table 21.1 shows the comparative 
study of different cells . 
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Table 12.1 Comparative study of different cells 


S.No. Cell Nature Anode Cathode Emf 
1. Voltaic Primary Cu Zn 1.1V 
2. Daniel Primary Cu Zn 1.1V 
(amalgamated) 
3. Laclanche Primary C Zn 1.35V 
(graphite) (amalgamated) 
4. Dry cell Primary C Zn 1.5V 
(graphite) (amalgamated) 
5. LeadAcid Secondary PbO, Pb 2.2 when 
accumulator fully charged, 
1.8V when 
and discharged 
6. Alkali Secondary Ni+NiO, FeO, 1.35 when 
accumulator harged and 
1.25 when 
Discharged 


Resistance in conductors is caused by 
(a) electron-electron collision 
(b) collision between core and electron 


(c) interaction between electrons and lattice vibration 


y 
(d) trap centres. R = 7 


The device which offers resistance is called resistor. 


Alloys have more trap centres and therefore their 
resistivity and hence resistance is higher as compared to 
metals forming them. Manganin is used to make standard 
resistances as its specific resistance is high and it varies 
very little with temperature. Alloy used in making rheostat 
is constantan. Nichrome is commonly used to make heaters 
used in press, geyser, room heaters etc. Manganin (84% Cu, 
Mn 12%, Ni 4%) constantan (Cu 60%, Ni 40%) 

Silver is the best conductor followed by Cu, Au, Al, 
W(tungsten), steel, lead (Pb) and Hg. The best insulator is 
fused quartz with resistivity 75 x 10'° ohm-m. 

Carbon resistors are colour coded. First colour can 
not be black. If there are four colour bands then R = ab x 


10° + d% and R 2 10Q colours a, b, c and d, their values are 
listed in Table 12.2 


a b c d 


magnitude of tolerance 


resistance 


Fig. 12.2 Colour code in carbon resistors 


Table 12.2 Colour code of resistors 


Black 0 
Brown l 
Red 2 
Orange 3 
Yellow 4 
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Green 5 
Blue 6 
Violet 7 
Grey 8 
White 9 


Table 12.3 Tolerance in resistors 


Gold Silver 
5% 10% 


no fourth colour 
20% 


For example, Red Brown Orange Gold will stand for 
21 x 10° Q +5% 

and colour code for 10Q + 5% will be 10 x10° + 5% 
Brown Black Black Gold 


If resistance is less than 10Q then another scheme 
is used. 


R=ab x 10° 


where a and b are taken from Table 12.2 and C is taken 
from Table 12.4. 


Note it has no fourth colour. 
Table 12.4 Third colour value for carbon resistors 
Gold Silver 
-1 —2 
< 1002 
for instance 0.502 will have colour code 
50 x 10° = Green Black Silver. 
Every source of emf has internal resistance r. 


Terminal voltage V = e- Ir (See Fig. 12.3) 


Fig. 12.3 Illustration of terminal voltage V 


Where ¢ is emf. During charging of the battery or if 
the current is in opposite direction to normal direction of 
current from the cell or a battery, the terminal voltage is 
greater than emf. 


Conductance (G)isreciprocal of resistancei.e.,G=—. 


Its unit is mho or (ohm) or Siemen (S). 


Superconductors have zero resistance. The highest 
critical temperature for a superconductor known till 2003 
is (minus) 160°C. It 1s a complex oxide of Yttrium, Copper 
and Barium. 


Cellsin Series  Ifn identical cells are connected in series, 
each having emf E and internal resistance r, then current in 
an external resistance R is given by, 


n Cells ——————> | > 


Fig. 12.4 Cells in series 


I= nE 
R+rn 


Cells in Parallel If n identical cells are connected in 
parallel, each having emf E and internal resistance r, 


then J = . (See Fig. 12.5) 


Ririn 


E 


Fig. 12.5 Cells in parallel 


Cells in Mixed Grouping m rows of n identical cells 
in series connected to an external resistance R. 


Then 7 = 


n cells 
— >> 


T 


| 


m rows 


Fig. 12.6 Cells in mixed grouping 


Maximum current is deliverd by a source when it is 
short circuited i.e., R ena = 0. Maximum power is delivered 


by a source under matched conditions i.e., r = R 
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Law of Resistances 
In series R =R +R, +... +R, 
If n equal resistances are in series then R, = nR 
oo E E S 
n parallel R, R R, R 


R 
If n equal resistances are in parallel then R, = P3 


R R, 


R +R, 


For two resistances in parallel R, = 


Kirchhoffs Current Law (KCL) Algebraic sum of all 
the currents entering at any instant at a node (junction) is 
zero, or Sum of currents entering a junction at any instant = 
Sum of current leaving the junction at that instant. The law 
is based on conservation of charge. 


Kirc hhoff's Voltage Law (KVL) or Loop Law 


Algebraic sum of all the potential drops in a closed 
circuit (or a loop) is zero. It 1s based on conservation of 
energy. 
Wheatstone Bridge The bridge is said to be balanced if 
P_R 
V, = V, or I, = 0. Under balanced condition Q g. 


(See Fig. 12.7) 
Fig. 12.7(a) Wheatstone bridge 


Fig. 12.7(b), (c) are other representations of Wheatstone 
bridge. 
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V 
Potential gradient k = T: More the length or smaller 


the value of k, more sensitive is the potentiometer. 


To find emf by comparison method: 


Fig. 12.8 To find internal resistance of a cell 
usingpotentiometer 


To find internal resistance of a cell 


Lh 
r=R A 


where / is the length when key k, is open and only k, 
is closed and null point is found while /, is the length of the 
potentiometer wire when k, is also inserted and null point 
determined. 


Meter bridge or slide wire bridge 


If balance point or null point is determined at X, then 


R 


(c) 
Fig. 12.7 


Potentiometer The fall of potential along the length of 
a conductor of uniform area of cross-section and uniform 
density is proportional to its length when current J passes 
through it, provided physical conditions like temperature, 
pressure etc remain unchanged. 


Fig. 12.9 Find unknown resistance using slide wire bridge 


Thermal Effects 


Joule’s Law ofHeating Heat produced in a conductor 
of resistance R when current / is passed through it for a time 
tis H=PRt. 


Heat produced due to Joule’s law is independent of 
direction of current. 


Seebeck Effect If two metal wires or strips A and B 
made of dissimilar metals are joined at the ends to form two 
junctions as shown in Fig. 12.10 then such a device is called 
thermocouple. 
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B 
(a) 


Galvanometer or mv 


sand or oil 


MF 
OG burner 
(b) 


Fig. 12.10 Seebeck effect illustration 


If two junctions of a thermocouple are kept at 
different temperatures, an electric current will be induced 
in the loop. This effect is called seebeck effect and emf 
so developed is known as Seebeck emf or Thermo emf. 
The magnitude and direction of the emf depends upon 
the metals used and the temperature difference between 
hot and cold junctions. The thermo emf induced is 
given by 


2 


2 


between hot and cold junctions. Note that curve between E 
and @ is parabolic. Fig. 12.11 shows curve between emf and 
temperature difference 0, for various 6... Note that neutral 
temperature 6, remains unchanged when temperature of 
cold junction 0. is varied. However, for each 0. there is a 
particular 6.. 


E = a0 + where @ is temperature difference 


Fig. 12.11 Effect of temperature of cold junction 


At neutral temperature A emf is maximum. Therefore 
at 0 = 0. 


dé a 
ao 0 or = B` 

Note that 6, depends only on the nature of materials 
forming junctions. It does not depend upon 6, temperature 
of cold junction. However, @ , the inversion temperature 
depends on both nature of the materials forming junctions and 
0... At inversion temperature emf changes sign or direction 
of current reverses. 


From Fig. 12.12, 
0.—-@.=6@.- 6, 


or O=. 


g, 
If 8e = 0 then 0, => 
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dé 


The graph between 7a and @ is a straight line with 


negative slope as shown in Fig. 22.3. 


de 


Fig. 12.12 Thermoelectric power = vs temperature 
ad 


There is a series of metals called thermoelectric series. 
If the first and the last element of the series are used to form 
a thermocouple then emf induced is maximum. The series is 
Sb, Fe, Zn, Ag, Au, Mo, Cr, Sn, Pb, Hg, Mn, Cu, Co, Ni, Bi. 


If hot and cold junction are interchanged then direction 
of emf reverses. 


The law ofIntermediate Metals If threethermocouples 
formed with A, B ; B, Cand A, C are used in same temperature 
conditions then €,,= Eg + Ee 


Note that ¢ Me, = — Epa 


Note that current induced in seebeck effect is diffusion 


current. Seebeck coeff S= = 


Peltier Effect The converse of seebeck effect is peltier 
effect. If current 1s passed through a thermocouple or an 
external battery is applied across the two junctions of a 
thermocouple then one of the junctions becomes hot and 
other gets cold. The heat liberated or absorbed at one of the 
junctions is given by 
AE 
Ad ` 


where AQ is charge transferred. 


7,,, the peltier emf 


AB’ 


Peltier coefficient is the amount of heat liberated or 
absorbed per second when | A of current is passed through 
a thermocouple. The hot and cold junction will interchange 
if the direction of current is reversed. 

dé 


m=IS=1 7 


Thomson Effect If two sections of a conductor are at 
different temperatures then emf is developed between these 
two sections. This effect is known as Thomson Effect. If dV is 
the potential difference between two sections of a conductor 
then Thomson coefficient o is given by 


dv de dS 
r T =" a6 
If one part of a conductor is at different potential than 


the other or current is flowing, a temperature difference d0 
is developed across the two sections. 


O 
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Applications of Thermal Effects 


(1) Electric power generation (thermopile) (11) refrigeration 
(111) Detection and heat radiation (iv) Measurement of 
temperature (thermocouple thermometer, thermistor 
thermometer and platinum resistance thermometer). 


Power 


P = PR Use this formula when devices are in series. 
2 
= R This formula can be used when devices are 


in parallel. 


P = VI when current through the device and potential 
drop across it are known. 


The SI unit of power is watt and practical unit of 
electrical consumption is 1 kwh or board of trade unit or 
simply unit. 1 unit = 3.6 x 106 J = 1 kwh 


Chemical Effects 


Voltameter or coulomb meter The vessel in which 
electrolysis is carried out. It is also called Electrolytic cell. 


Hectrolyte An ionic compound in aqueous solution or 
molten state is called an electrolyte. 


Hectrolysis On passing current through an electrolyte, 
chemical changes occurs in electrolyte and substances are 
liberated at the electrodes. This process is called electrolysis. 


Faradays Laws 


First Law The mass of a substance liberated on an 
electrode is proportional to the current passed through it and 
proportional to the time for which current is passed. 


Le.,moclandmaxtorm=zlt 
where z is called ece or electrochemical equivalent. Since 
It=Q;m=zQ 

Z = 

Faraday (F): It is the amount of charge on 1 mole of 
electrons. 


IF = 96485 C. Practically we use 1 F = 96500 C. 


second Law If same quantity of electricity (charge) 
is passed through different electrolytes, the masses of the 
substances deposited at the respective cathodes are directly 
propertional to the chemical equivalent, 


Note | Faraday of charge will liberate | gram 
equivalent of any substance during electrolysis. 


Electrolytic cell or voltameter may be used to measure 


m 
the current more accurately than ammeters 1.e., I = — 


zt 
Back emf It is the potential difference opposite to the 
external emf setup due to accumulation of ions around the 
insoluble electrodes. The back emf depends upon the nature 
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of the electrodes and concentration of ions. In Fig. 12.13 €, 
shows the back emf. 
T 


6 
V 


Fig. 12.13 Back emf illustration 


If Va > &, the current increases and for V, < &, resistances 


of the electrolytes do not follow Ohm’s law. Back emf for 
water voltameter using platinum electrodes is 1.67 V. 


On heating, the rate of electrolysis increases as the rate of 
decomposition of ions increases. 


Short Cuts and Points to Note 


1. Ifn identical cells are connected in series and m of 
them are-wrongly connected then € „=n €- 2m € 
where ¢ is emf of each cell. 

2. Ifa branch of a circuit contains capacitor then in 
Steady state current through that branch is zero. 


3. The current in a branch is zero if V = v 


4. Ifn identical cells are connected in order in a loop 
then potential drop across any two points is zero. 


5. An ideal current source has infinite resistance. An 
ideal ammeter has zero resistance. 


6. An ideal voltage source has zero resistance. An ideal 
voltmeter has infinite resistance. 


7. Normally a voltmeter is connected in parallel. 
However, in order to find high resistance it may 
be connected in series as shown in the Figure. If 
voltmeter has internal resistance R and it reads V 
then 


A 


Vo 
"SX ER 
8. In parallel, the net resistance is smaller than the 
smallest. 


and hence X can be determined. 
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9. If two points in a circuit are short circuited then 
resistance across those points is zero irrespective 
of the resistance shown between those points. 

10. Strictly speaking, resistance of metals vary 
nonlinearly with temperature = R(1+ af + 
AT, + ...), 


11. If two nonidentical cells are, in parallel, positive 
terminal connected to positive, then 


_ | ON a Et 


R+nr 


as Star to delta form 


Delta to star conversion 


Le 
r = 1'2 


= From the Figure 
hth 


R R, 
R,= R +R, +R, 


1 r 
E 
7 r R R, 
eq ee A es 
= ae R= R +R, +R; 
r RR; 
E, : es 


Ro= R +R, +R, 
(a) 
If positive terminal of one cell/battery 1s connected 
to negative terminal of the other, 


p= En + En 
= + 
Rv?! 
7 = hh 
eq 
Rtn 
E 


Star to delta form 


r 
eq 
13. If current in its path meets positive terminal as 


shown in the Figure then take E, positive in the Loop 
law or Kirchhoff’s Voltage Law as it represents 
potential drop. 


(b) 


12. To solve a resistive network, there could be four 5 
methods. I : 
(a) Series/parallel method (when clearly visible). 
(b) Wheatstone bridge method. 


(c) Current division method. Though it could be used 


for any circuit, it suits symmetrical circuits. 14. If current enters the negative terminal of the battery 
(d) Star-delta method. then take — E, as it represents potential rise in the 
Star to delta conversion Loop law. (Figure) 
From the Figure 7 E, 


_ R R, 
Rip = R, + R, + R, I 
R R, 


RR, 15. To find J, Z, and J, in the circuit shown in the Figure 
Ryo =R, +R, + R, find V,, and then 
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16. If all the resistances in the Wheatstone bridge are 
identical or R,=R,=R,=R, $ R, then 


R= R,, = R. (See Figure) 


ii i 
I 
L, R, 
In the Figure 
i IR, i IR, 


1 R +R,’ ? R +R, 
18. Potential division Rule 
In the Figure 
VR, 
Vi= R +R, +R,’ 
VR, 
V25 R +R, +R,” 
V, R, 
Vs= RERFR” 
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19. To convert a galvanometer (or de Arsenol moment) 
into ammeter, a shunt (very small resistance) in 
parallel is connected. If J is full scale deflection 
through the galvanometer and R, is its internal 
resistance then to convert it into an ammeter to 
measure J, a shunt S will be required in paralled 

R 
& 8 


I-I 
g 


such that S = 


20. To convert a galvanometer into voltmeter to measure 
V volts a resistance R is to be connected in series 
given by 


= T =R, where Tis full scale deflection current 
g 
in galvanometer and R, is the resistance of the 


galvanometer. 

21. Ifaskelton cube is made with 12 equal resistances/ 
wires each having resistance R then net resistance 
across 


5 
(a) the longest diagonal is 6k 


3 
(b) the face diagonal is a” 
Onesies aR 
(c) One side is T 


7 
(d) the open side as shown in the figure is 5 R 


22. Temperature can be determined using Wheatstone 
bridge arrangement with a vernier (small variable 
resistance) and Platinum resistance thermometer in 
one arm as shown in the Figure. 
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P 
a ae If P= Q then R = SaAT 
R+AR  S(1+aAT) 
Si 
or AT = Sa 


S 
Platinum resistance thermometer or a filament in hot bath 


23. The equivalent resistance for the circuit shown in 
the Figure is 


n R (R, +3R,) 
AB (R,+3R,) 


R R, 


1 


R R 


2 1 


The equivalent resistance for the circuit shown in 
2R R, +R, (R, + R,) 
2R,+R +R, 


the Figure (a) is R}; = 


Current through galvanometer in unbalanced 
wheatstone bridge of the Figure (b) 


T- V (RQ - PS) 
€ R (P+QXR+S)+PQO(R+S)+RS(P +Q) 


V)(QR - PS) 
and Veo = Ve- Vo = (P+Q)\(R +S) 


24. Substances like Carbon (graphite), Ge, Si have 
negative thermal coefficient of resistance (a) i.e., 
their rersistivity and hence resistance falls with rise 
in temperature. Manganin has a = 0. Iron has very 
large value of a. 


2); 


26. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


39. 


36. 
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At high frequency applications like Radio, TV etc. 
carbon resistors are used. Wire wound resistors at 
high frequency behave like a resonant circuit and 
alter the value of resistance by offering impedance. 
The equivalent circuit of wire wound resistance is 
shown in the figure at high frequencies. 


Q 


If a resistive wire is stretched n times its resistance 
increases n, times, 1.e., R e =n, Rie 


. Current is a ‘through’ variable and potential 


difference or voltage is.an ‘across’ variable. 


Terminal voltage V =e — Ir is the potential drop 
across the cell/source. Normally it is less than emf. 
However, when the direction of current is opposite 
as during charging, terminal voltage is greater than 
emf, 


Galvanometer can measure small currents ~u Aand 
small voltage ~ mV. That is why we can convert it 
to both voltmeter and ammeter. 


DC current in steady state cannot pass through a 
capacitor. 
. mv, 
Mean free path of electrons is à =v t= 7 3 
ne’ p 
Joules heat energy H = [Rt 


2 
Power P= R . To find the resistance of an electrical 


device use power and voltage rating of the device. 
For instance an incandescent bulb rated 220 V/ 100 


20) 
100 


Maximum power delivered by a cell/battery of 


2 
E 


internal resistance ris ae 
r 


W will have a resistance R = = 484 QO. 


and is termed as available power. Condition to 
deliver maximum power is R =r. 


If the devices are connected in series then a device 
with maximum power rating consumes minimum 
power and a device with lowest power rating 
consumes maximum power. Or, a device with higher 
resistance consumes more power. That is, in series, 
Power P œ R (Resistance). 


In parallel, a device with higher power rating 


i 1 
consumes more power or in parallel, P œ — 
R 
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37. 


38. 


39. 


40. 


41. 


42. 


43. 


44, 


45. 


46. 


47. 


48. 


49. 


2 
Use power P = LR in series and P = ry in parallel. 


The effective power in a series combination is 
1 1 1 


——— = — + — 
| P P, 


The effective power in a parallel combination is 
P SP FP tes 


parallel 


Power from a battery to load of resistance R is 
2 


P = ~—_—~ and electric power supplied by the 
(R + r) 
battery is P applied = E XL 
g? 
~ R+r 


Under matched conditions (when R = r), the power 
2 2 


E E 
supplied = — and power to load = — 
2r 4r 


R 
Effici f a cell 7 = —— 
ciency of a cell 7 E? 


Efficiency of a secondary cell 
discharging capacity 
charging capcity 


Maximum current through a battery or cell 
E 
La i a 
where ¢ is emf and r is internal resistance of the 
battery/cell. 


Maximum or safe current in a fuse wire 


I © r” where r is radius of the fuse wire. Note 
that Z is independent of length of the fuse 
wire. 

A standard cell is one whose emf does not vary 
with temperature. Clarke cell and Weston cell 
are standard cells. Clarke cell has lesser thermal 
coefficient and its emf is consistent to a large 
extent. 


Clarke cell ¢ = 1.4328 V — 1.19 x 10% V at 15°C 
Weston cell ¢ = 1.0184 V — 4.06 x 10-3 V at 20°C. 


charger — E battery 


E 
During charging of a cell 7 = 
uring charging of a ce Rap 


where R is external resistance and r is internal 
resistance of the battery. 


The internal resistance of a fully charged secondary 
cell/battery is less than the discharged cell/battery. 


Relation between Seebeck coefficient S, Peltier 
coeff x and Thomson coeff o: 


50. 
51. 


a2: 


53. 


54. 


55. 


56. 


37; 


58. 


59. 
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dé 
S= —= 4a + p0 
ioe 
ga 27 
dQ @ 
d0 d0 


Seebeck coefficient is the resultant of Peltier and 
Thomson effect. CA0 is Thomson emf. 


Thomson coeff of lead is zero. 


In Peltier and Thomson effects heat produced is pro- 
portional to current while in Joules effect heat œ Z. 
Therefore heat produced in Peltier and Thomson 
effect depends upon the direction of current and 
Joule’s heat is independent of direction of current. 


The temperature scale in thermocouple thermometer 
is non-linear. 


The current in seebeck effect is diffusion current 
(generated due to charge-density gradient at hot 
junction). 

If the temperature difference between the two 
junctions of thermocouples is equal, say 0, then 


Eic Eg t Ex and 
Gap — EBA 


In Peltier effect, both drift and diffusion currents 
exist. Therefore heat produced is greater than Joule’s 
heat. Joules heat is only due to drift current. 


The capacity of accumulator is measured in ampere 
hour (Ah). The capacity depends upon number of 
plates used. 

The specific gravity of lead accumulator should lie 
between 1.2 and 1.28. If it becomes less than 1.15 
it is assumed permanently damaged. 

Temperature of a glowing (fully) bulb is 2800 k to 
3000 k. 


Deposition at anode is called Anodisation. 


Caution 


l. 


=> 


Adding emfs to find net emf when negative terminal 
of one is connected to negative terminal of other 
battery or positive terminal of one battery connected 
to positive terminal of other battery/cell. 


(a) 


In such cases, use E — E, or E,- E, keeping in mind 
which is greater on the direction of current chosen. 
Emfs are added when positive terminal of one battery 
is connected to negative terminal of other in series. 
For example in the Figure (b) E „=E, +E, 
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(b) 


2. Wrongly detecting Wheatstone bridge, for example, 


3. 


=> 


considering AXYO, XYBO, AOWZ and OBWZ as 
Wheatstone bridge in the Figure (a). 


If A and B are point of interest where equivalent 
resistance is to be determined and R, is connected 
between XY terminals (other than the points of 


P R 
interest) and — = 


Q S 
only then R, can be removed as no current will pass 
through R, Removing R, suggests it acts like open 
circuit between X and Y. 


(a) (b) 


Not applying current division properly when 
branching occurs at a point. 


Stick to junction law in such cases and divide the 
current properly. 


Not taking into account the resistance of voltmeter 
or ammeter when they are not ideal. 


Remember voltmeter is connected in paralled. If 
its resistance is small it alters the resistance of the 
circuit drastically. Therefore, their resistances must 
be taken into account. 


Not taking into account internal resistance of the cell. 


When current in the circuit is flowing internal 
resistance of the cell must be taken into consideration. 
It alters the terminal voltage and even decreases the 
current in the circuit. For example in the Figure 


E 
i= and terminal voltage V = E — Ir 
R+r 


E/r 


R 


. Assuming DC current passes through capacitor in 


Steady state. 


T „= 0 in steady state through capacitor or branch 
containing a capacitor. However, during transient 
current passes through capacitor. You know Q = 
CV or 


10. 


11. 


12. 
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I dQ C a if Vi —— =0Q and 
“r V . i.e., if V is constant m an 
hence Z= 0 


Considering potentiometer or meterbridge has no 
resistance. 


Must take into account the resistance of 
potentionmeter wire. To find potential gradient, 
find potential drop across the length of the wire. 


The potential gradient 
potential drop across the length of the wire 


length of the wire 


Notet emf applied 


length of the potentiometer wire 


Considering resistivity varies with length of the wire 
or with area of cross-section. 


Resistivity depends upon nature of the substance 
and is independent of the length and area of cross- 
section of the wire. However, it depends upon 
pressure and temperature. 


1 
Note: px Tand p œ T in conductors. 


Considering current through capacitor as zero, 
therefore no potential drop will occur across the 
capacitor. 


Remember that potential drop across the capacitor 
may occur even though the current is zero. 


Not understanding the meaning of a switch. 


Potential drop across AB is -2V when switch is 
open and zero when switch is closed. Note that a 
closed switch is equivalent to short circuit or zero 
resistance. 


10V 
60 4Q2 
A B 
LS 
AQ 6 Q 


Considering that current starts from positive 
terminal of the battery and is used up by the time it 
reaches negative terminal. 


In fact current remains same at every point in a 
simple loop because it is based on conservation 
of charge. Charge entering per second is equal to 
charge leaving per second. 


Considering that in a conductor, when current is 
increased, electron density increases. 


| 12.12 


> 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


If the conductor has uniform area of cross-section 
then increasing the current results in increasing the 
drift velocity. 


In a conductor as shown in the Figure considering 
that the drift velocity remains same everywhere. 


Drift velocity is larger at smaller cross-sections than 
at higher cross-sections. 


Assuming that a device with higher power rating 
consumes more power. 


This is true in parallel connections. If the devices are 
connected in series then a device with the highest 
power rating will consume the least power. 


Assuming maximum power is transferred when 
current is maximum, i.e., when short circuited. 


Maximum power is transferred to a device under 
matched condition i.e., R = r. Under short circuit 
condition the source of energy will be damaged due 
to very large current. 


Not knowing clearly which voltage (rating voltage 
of the device or applied voltage) be used to find 
resistance of the device. 


To find resistance of a device rating voltage and 
rating power be used 

2 
V rating 


P 


rating 


i.e, R= 


Confused about the power relations. 
2 


V 
Use P= R in parallel only 


Use P = PPR in series and P = VI when current 
through the device and potential drop across it are 
known. 


Considering in all cases where heat is produced, 
heat produced œ 7 


Only in Joule’s heat H œ FP 
In Peltier and Thomson effect H « I 


Considering heat produced is independent of 
directions of current applied. 


This is true only in Joule’s heat because H œP. 
But in Peltier and Thomson effect heat produced 
H œl. Therefore the heat produced depends 
upon the direction of current. If the direction 
of current is reversed, hot and cold junctions 
interchange. 


20. 


=> 


21. 


a. 


23. 


24. 


Zo. 


26. 


2i; 
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Considering Ohm’s law is valid in electrolytic cells. 


If electrodes are soluble in electrolytes then Ohm’s 
law can be applied. If electrodes are insoluble in 
electrolytes then Ohm’s law cannot be applied . Rather, 
effect of back emf is observed as illustrated in the 
Figure. 


ib ack emf 


S V 


It is due to accumulation of ions near the electrodes. 


Considering conductivity of electrolytes is greater 
than that of metals as in electrolytes both —ve ion 
and +ve ions conduct electricity. 


Conductivity of electrolytes is much less than that 
of metals because free electron density in metals 
is very large. Moreover, ions are heavy and hence 
their mobility is quite small as compared to that of 
electrons. 


Considering in thermocouples ¢,, = Ep4 


Note that EE 


Considering any two metals can be used from the 
seebeck series to form a thermocouple. 


For large emf generation, more the separation 
between the series metals more is the emf generated. 


Considering current in seebeck effect is like drift 
current in conductors (generated due to application 
of battery). 


Diffusion current, i.e., current due to charge density 
gradient at the hot junction is generated in seebeck 
effect or in a thermocouple. 


Lack of clarity about current division in a complex 
circuit. 


Apply current division wherever needed. 


Confusion between equivalent weight (mass) and 
atomic weight (mass). 


When 1 Faraday charge is passed (applied) then 
mass equal to equivalent weight is deposited on the 
cathode. If valency is 1 then atomic weights and 
equivalent weights are equal. 

atomic weight 


or Equivalent weight = 
valency 


Considering potential drop is always less than emf. 


If the battery is discharging, it is true. However, 
during charging current flows in opposite direction 
and V= e+I/r> e 
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PRACTICE EXERCISE 1 
(SOLVED) 


Which of the V — I graph obeys Ohm’s law? 6. 
I if 
T 
(a) » (b) 
7 7 
I 8. 


(c) 


V 


The V — I graph of a conductor at two different 
temperatuses is shown in the Figure. The ratio of 
iS 


fi 
temperature y 
2 


p 
(a) tan? 8 (b) cot? 8 
(c) sec? 0 (d) cosec?.é 
Two cells of emf’s 1.25V and.0.75V having equal 
internal resistance are connected in parallel. The 
effective emf is 
(a) 0.75V (b) 1.25V 10. 
(c) 2.0V (d) 1.0V 
(e) 0.5 V 


A 250 cm long wire has diameter Imm. It is connected 
at the right gap of a slide wire bridge. When a 
3z resistance is connected to left gap, the null 
point is obtained at 60cm. The specific resistance of 
the wire is 

(a) 6.28 x 10° Qm 
(c) 6.28 x 10° Qm 


(b) 6.28 x 10° Qm 
(d) 6.28 x 107 Qm 


An ammeter reads 500 mA. When a shunt of 0.1 Q 
is connected across the ammeter its reading drops to 
50 mA. The resistance of the ammeter is 

(a) 1Q (b) 1.1 Q 

(c) 0.9Q (d) none of These 
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To measure a small resistance ~ 10™Q, one should use 
(a) Wheatstone bridge (b) Postoffice Box 
(c) Wein’s bridge (d) Carrey Foster bridge 


The free electron gas theory explains conduction in 
(a) metals only (b) semiconductors only 
(c) insulators only (d) all of these 


Find current through 12 Q resistor in the Figure 


2V 
6Q 
1202 4Q 
15V 3V 
8Q 
AV 
= A b -A 
(a) 50 (b) 60 
21 23 
() Jo A (4 


To terminate the network shown in the Figure, the 
resistance required is 


(a) R 
(c) 3R 


The ammeter in the Figure will read 


10 
(a) 3A (b) ZA 

100 
(c) 30A (d) Eg A 
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11. 


12. 


15; 


14. 


15. 


Find x in the Figure so that galvanometer shows null 
deflection. 


(a) 100Q 
(c) 200 Q 


(b) 400 Q 
(d) 2500 
[AIEEE 2005] 


When Cu and Ge are cooled to —150°C then resistance 
of Cu____and that of Ge_ 
(a) increases, increases 
(b) decreases, increases 
(c) decreases, decreases 
(d) increases, decreases. 


Find current I and current through 6Q resistance in the 
Figure. 


6 1 2 1 
(a) 7 174 (b) ye qô 
6 2 
(c) 7 A, 174 (d) none 


An ideal voltmeter and an ideal ammeter are connected 
in the Figure. The reading of the voltmeter is 


9V 
1Q 
V S 
202 
(a) 9V (b) 6V 
(c) 3V (d) zero 


A voltmeter has a 2502 coil and 575Q in series. The 
coil takes 10mA for full scale deflection. The maximum 
potential difference which can be measured is 

(a) 250mV (b) 5.75V 

(c) 5.5V (d) 6.0V 


16. 


17. 


18. 


19. 


20. 


2l. 


Ze. 


23: 
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An electric bulb rated 220/100W will fuse if it consumes 
121 W. What voltage fluctuations can it withstand ? 
(a) up to 230 V (b) up to 241 V 
(c) up to 225 V (d) upto 232 V 


In an electrolysis experiment, after some time, the 

battery connection is reversed. Then 

(a) the electrolysis will stop 

(b) the rate of liberation of material at electrodes will 
increase 

(c) the rate of liberation will decrease 

(d) rate of liberation will remain unchanged 

(e) more heat will be produced at the electrodes 


Find the thermo emf developed in a Cu-Ag thermo 
couple when the junctions are kept at 0° C and 40° C. 
a for Cu and Ag is 2.76 and 2.5 u V/C and £ for both 
Cu and Ag is 0.012 wV/(°C)* 

(a) 1.04 uV (b) 10.4 uV 

(c) 210.4 uV (d) none of these 


Find thetime required to liberate 1 litre of H, at STP 
in an electrolytic cell operating at 2A. 

(a) 19 min (b) 24 min 

(c) 29 min (d) 14.5 min 


The power consumed by 6 Q resistor in the given circuit 
of this Figure is 


2 © 7 Q 
15V 
050 6 Q 1 Q 
8 Q 10 Q 
(a) 4.611 W (b) 3.375 W 
(c) 1.125 W (d) none of these 


The thermo emf of a thermocouple is 25 u V/°C at room 
temperature. A galvanometer of 40 Q resistance capable 
of detecting current as low as 10° A is connected with 
the thermocouple. The smallest temperature difference 
that can be detected by the system is 

[AIEEE 2003] 


(a) 12°C 
(c) 20°C 


(b) 8°C 
(d) 16°C 


The negative Zn plate of a Daniel cell, sending a 
constant current through a circuit, decreases in mass 
by 0.13 gm in 30 minutes. If chemical equivalent of 
Zn and Cu are 32.5 and 31.5 respectively, the increase 
in mass of the copper plate is 


[AIEEE 2003] 


(b) 0.126 g 
(d) 0.180g 


(a) 0.141 g 
(c) 0.242g 


In a copper voltameter, the mass deposited in 30 minutes 
1S cais if the current as shown in the Figure. 
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24. 


25; 


26. 


21. 


28. 


29. 


30. 


I(mA) 
31. 
100 
mA 
10 20 30 t (minutes) 32. 
(a) 0.078 g (b) 0.039 g 
(c) 0.054 g (d) none of these 
In a thermocouple minimum current flows at 33. 
(a) neutral temperature 
(b) inversion temperature 
(c) half the neutral temperature 
A 


3 
(d) 5 of the neutral temperature 


Find the Peltier coefficient in thermocouple, if one 
junction is at 0°C and emf is given by €= a0 + BO. 
(a) W(a+ 2B0) (b) (273 - 0a + 2B) 

(c) (0+ 273)(a + 2B) (d) (0+ 273)(a + 2p0) 


Three resistances, each of 4 W are connected to form 34. 


a triangle. The resistance between any two terminal is 


(a) 2W (b) W 
(c) 6W (d) 12W 


The equivalent resistance of n identical resistors 
connected in parallel is x. If the resistors are connected 
in series, the equivalent resistance would be 

(a) nx (b) nx 


(c) = (d) = 
n n 


The resistance across AB is 


52: 

5 4 36. 
a) —R b) —R 
(a) 3 (b) 3 
(c) IR (d) 2R 
Three resistors of 2 Q, 3 Q and 5 Q are connected 
in parallel across a battery of 10 V and of negligible 
internal resistance. The potential difference across 3 Q 
resistor is 
(a) 2V (b) 3 V 
(c) SV (d) 10 V 

1 

A wire has a resistance of 10 Q. It is stretched by To th m 


of its original length. Then its resistance becomes 
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(a) 9Q (b) 10Q 

(c) 11Q (d) 12.1 Q 

A 100 W, 220 V bulb is operated on a 110 V line. The 
power consumed is 
(a) 25 W 

(c) 75W 


(b) 50 W 
(d) 90 W 


If the current in an electric bulb drops by 1%, the power 
decreases by 
(a) 1% 
(c) 4% 


(b) 2% 
(d) 0.5% 


The effective resistance between A and B in the network 
shown is 


6Q 
6Q B 
4Q 
4Q 
(a) 2.10 (b) 830 
(c) 5.00 (d) 480 


2 
In the network shown, the current I is equal to 3A. 


Neglecting the internal resistance of the cell, the value 
of R is 


65V 4Q 
j RQ 
2Q 
50 
(a) 3.75 (b) 10 
(c) 15 (d) 19.5 


A uniform wire of resistance 4.5 Q is uniformly 
stretched to three times its original length. Its new 
resistance will be 


(a) 0.5 O (b) 13.50 
(c) 150 (d) 40.50 
The equivalent resistance between point A and B is 
(a) R (b) R/4 
2R 

(c) 4R @) > 

R A R 

R B R 


In the network shown in figure, each resistance 1s R. 
The equivalent resistance between A and B is 
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38. 


39. 


40. 


41. 


42. 


43. 


A B 
20 19 
== —R 
8 R 
(c) 75 R (d) > 


A nonconducting ring of radius R has charge Q 
distributed uniformly over it. If it rotates with an 
angular velocity w, the equivalent current will be 
(a) zero (b) Qa 
w w 

c — d) Q—— 
(c) Q = (d) Q aa 
n identical cells, each of emf ¢ and internal resistance 
r, are joined in series to form a closed circuit. The 
potential difference across any one cell is 
(a) zero (b) € 

z d 
O (d) 


n—| 
E 
n 


All resistance shown in circuit are 2W each. The current 
in the resistance between D and E is 


1. | 
C 


G H 
(a) SA (b) 2.5A 
(c) LA (d) 7.5A 


In the circuit shown.in figure, power supplied by the 
battery is 


XZ, 


(b) 20 W 
(d) 18 W 


(a) 16 W 
(c) 4W 


An ammeter and a voltmeter are joined in series to a cell. 
Their readings are A and V respectively. if a resistance 
is now joined in parallel with the voltmeter, 

(a) both A and V will increase 

(b) both A and V will decrease 

(c) A will decrease, V will increase 

(d) A Will increase, V will decrease 


A battery of emf 10 V and internal resistance r = 1 Q, 
is connected to an external resistance R = 4 Q. What 
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should be the value of R so that the voltmeter reads half 
the value it reads in the previous case when connected 
across R? 
(a) 4/3 Q 
(c) 2Q 


(b) 10 
(d) 2/30 


Each resistance in the circuit are of value r. The 
equivalent resistance between A and B is 


A B 
r 


45. 


46. 


47. 


48. 


(a) (b) 4r 


r 
4 
2r 
(c) > (d) 0 

A milliammeter of range 10 mA has a coil of resistance 
1 Q. To use it as anammeter of range | A, the required 
shunt must havea resistance of 


] ] 
(a) T a OET 


l l 
AET C 


A nonconducting ring of radius R has charge Q 
distributed uniformly over it. If it rotates with an 
angular velocity œ, the equivalent current will be 
(a) zero (b) Ow 
w w 
c — d) Q—— 
(c) Q 7 (d) Q a 
A milliammeter of range 10 mA has a coil of resistance 


10). To use it is an ammeter of range 1A, the required 
shunt must have a resistance of 


l l 


"oO a 

(a) Tol (0) T00 
to to 

©) 55 ® 5 


Eight identical resistances r are connected along the 
edges of a pyramid having square base ABCD as shown 


in figure. The equivalent resistance between A and D is 


O 
B E 
A D 
Ee 1 
@) T5 ©) 15 
ar o8 
© 75 on 
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49. If power developed across 6 Q resistor is equal to 
the power developed across 24 Q resistor. The value 


of Ris 
240 
6 
I 
R 

(a) 12Q 
(b) 6Q 
(c) 24 Q 
(d) 8Q 


Answers to Practice Exercise 1 


1. (b) 2. (b) 3. (d) 4. 
8. (a) 9. (b) 10. (a) 11. 
15. (d) 16. (d) 17. (d) 18. 
22, (b) 23. (b) 24. (b) 25. 
29. (d) 30. (d) 31. (a) 32. 
36. (a) 37. (d) 38. (c) 39. 
43. (d) 44. (c) 45. (c) 46 
50. (a) 
EXPLANA TONS 
1. (b) 
2. (b) 
1.25xr+.75xr 
3. (d) E = ————_ 
2r 
E T Ss ee 
R, 100-1 R, 40 
R,= 20 
= Rxar’ _2x3.14x(.5x107)’ 
P= po 2.5 


= 6.28 x 107” Qm 


5. (c) In parallel voltage remains same 
50 R = 450 (0.1) 


R=0.9 Q 
500mA R 


450mA 


50. 


(d) 
(a) 
(b) 
(d) 
(b) 
(a) 
(c) 
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The ammeter in the Figure will read 
5 Q 


5. (o) 6. (d) 7. (a) 
12. (b) 13. (c) 14. (d) 
T9 (c) 20. (b) 21. (d) 
26. (b) 27. (b) 28. (a) 
33. A (d) 34. (c) 35. (d) 
40. (b) 41. (b) 42. (d) 
47. (c) 48. (d) 49. (c) 


(d) 
(a) 


(a) Let V be the potential at P then applying KCL at 
junction P. 


15-V 
u a r 


6 4 8 
15-V=2 (V—-2)+3 (V-3)+ 15 (V-4)7.5V 
= 39 


V-2 V-3 V-4 
= ——+——+ 


10. 


II. 


12. 


13. 


14. 


15. 


16. 


17. 
18. 


19. 


and 


39 
V= 75 =5.2V 
15-5.2 4.9 
6 4 


(b) 2R (equivalent resistance). 


= 3 (use Wheatstone bridge) 


(a) Potential drop across x should be 2 V. 


(a) Ry, 
10 
‘= 10/3. = 9" 
E 12x 
~ X¥ +500 
or = 10002 
(b) 


resistance while semiconductors have negative thermal 


‘.* metals have positive thermal coefficient of 


coefficient of resistance. 


(d) Since ideal ammeter has zero resistance and we are 


_2xl+2x2 E 
q 24] 


Poe 
eq 142 3 


measuring potential drop across it, V = Q. 


(d) V n = Z, (R, #R) = 


(d) R= 


(220) 


100 


10 x 10> (600) = 6V 


= 484 Q 


Case (ii) V = 484 x 121 or V= 232 V 


(d) 
(b) a 


(c) *. 


net 


Pe = 9 


= (2.76 — 2.50) x 10% 


e = Aa A@= 0.26 x 40 uV 


= 10.4 uV 


22.4 litre = 2g 
2 


ll= 79.4 8 Using m = zit 


Zo 
2 l 


22.4 96500 


x5xtort=29 min 


20. 


21. 


22: 


Zo 


24. 


23; 


26. 


2I; 
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15 
Oe 0.5+10+4.5 — ià 
Using current division rule current in 6 Q resistor 
I 2 l : A 
=—_ X 2 = 
24 4 


2 
3 
p=I?R= = x 6 = 3.375 W. 


40x10 
(d) A8 = 95x10 = 16°C 
Mh, Oi 
(b) m, E, 
315 
mo, -22 (.13) = 0:126 g. 
(b) 


Q = area under graph 
= 0.1 x 20 x 60 = 120 C. 


m=Z,.Q= x 120 = 0.039 g 


96500 


(b) It is clear from this Figure, that at 7, emf = 0. 


Current is also zero 


EA (Volt) 


0 (K) 


ôe 
(d) m= TA (0+ 273)(a + 20). 


(b) R c II(R, SRic )= Ra 
32_8 
7 12. 3 
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28. (a) Rug ={[(RepSRps)ll Reg |SRea} Rag = 


{[2R I R]SRo,} I R, = Esr) I R4; = 


Re 
3 8 


29. (d) In parallel combination P.d. across any resister is 
equal to the applied volt. 


L 
30. (d) R=10= T Volume remains same, V, = Vv, 


A'= — and 
11 
a T apie 
A' 10A A 100 10 
11 
220% 
31. (a) R., _ (220) a2,- a 
100 (22) 
Power = i x110 =25 W 


32. (b)p- I’R,log P = 2log I +log R 


Differentiating aP = 2dI +0 (as R is constant) 
P I 


(m) 
= 2x = =— 


2 
dP = — of P 


100 i.e., power drops by 2% 


33. (d) Shown is the balanced wheatstone’s bridge. 


5 Q resister has no significance 


34. (c) y= MR] 42 +4- Ra | 
+ 


5 R= 18.75 + 3.75 R, 1.25 R= 18.75, R= 15 Q 


35. (d) R = P= 4.5, =, Aan ee 


w | > 


_ px3L 
Al3 


R' 


=9xR=9x4.5=-4050 
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36. (a) 
R A R RA R > > 
e 
E R B R i Å 
i.e., Rig =R 


37. (d) In upper half part no current will go as it is 
shorted out from CD. 


' equivalent can be redrawn as 


Q 


38. Opee _ go 


ae 
2m 2n 
w 
39. (a) Total emf = ne 


Total resistance = nr 
OnE € 


nr r 


Emf across one cell 
a4 € 
a = [r-e =—xr-—e=e-e=0 
r 
R 


40. (b) R,, has no significance because R R 


make balanced wheatstone bridge 


Rig 


DE’ GH’ CD’ 


R,, = R(due to wheatstone bridge ) II R (between DG) 


eq 


I= 10A 
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41. 


42. 


43. 


44. 


45. 


46. 


Solution (c) v,= 


(b) p- _ 10x10 
R 


eq 


= 20 W 


(d)Due to the new resistance effective equivalent 
resistance decreases hence current in the circuit will 
increase therefore reading of Ammeter will increase. 
As V + V, = constant 


Vi increases hence v% decreases 


Vi V, 
R 


(de=10V,r=1Q,R=4Q 
_10_ 
5 


I 2A, 


Now V'=4=/'R',4= 
R'+ 


(c) R =rll2rll oe R; waa 
ap f F F 5 


(©) 7, =10°A, R, =10,1,R, =1',[R, WR], 


R xl 
E | or R, =a 


o=] 
+1 


(c) With each rotation, charge Q crosses any fixed point 
P near the ring. Number of rotations per second = 


ln. 


w 
Charge crossing P per second current = go 


PRACTICE EXERCISE 2 
(SOLVED) 


Find the drift velocity in Cu wire if it has 1A current 
through 2 mm? cross-section. Free electron density is 
8.5 x 107 cm”. 
(a) 0.36 mms-1 
(c) 0.036 mms-1 


(b) 0.36 cms-1 

(d) 0.036 cms-1 

r 

neA  8.5x10%®x1.6x10 1 x2x10° 
1x10” 


= -1 
= 479 = 0.036 mms™. 
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47. (c)i,=10mA=0.01A r=1Q I=1AV,-V,=i r= 


48. 


ir 0.01xl_ 1 


(I—i)S S= = 
j (Z—i,) 1-0.01 99 
I Als B 
S 
(d)From the figure 
B G C 
r 
Wp a7 
ae: 
l l M1 3 1 1 
R POR br xr r 
R,, FNN T r br ar r 
$ 
Sr 
Re = —— 
d i5 
RI 241 
49. (c)We have, J, = = 
R+24 R+24 
R°I’ 
= —— x24 = |? — 
P, (R+24)° P,=1°6 P,=P, 
. R=24Q 
240, 
6Q2 
h R 


50. 


l 
(aR, = = (use Wheatstone bridge) 


10 
1a =A 


A 5 Q constantan wire is bent to form a ring. Find the 
resistance across the diameter of the wire. 

(a) 2.50 

(b) 1.25 0 

(c) 50 

(d) 0.625 Q 


Solution (b) R a L. Therefore 2.5 Q resistances are in 


2.3 
parallel across AB. Thus R = a 1.25 Q 
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2.5Q 5. Find the value of R so that no deflection is noticed 
in the galvanometer when the switch S is closed or 
open. 
(a) 40 (b) 8Q 
(c) 6Q (d) none of these 


3Q 1Q 


2.5Q 


3. Find the terminal voltage across E, and E, in the 


Figure (a) 

(a) 3.6 V,7.8 V (b) 2.4 V,7.8V 

(c) 3.6 V, 10 V (d) 2.4 V, 10.2 V 9V/1Q 
E 


Solution (b) It is a Wheatstone bridge case, therefore 


3 _ 1+] 8R 
3+3 8R  84R 


S+8 


=SK=sQ 


6. The ammeter reading in the circuit of the Figure (a) is 


l 
Solution (a) Current in the circuit in the Figure (b) (a) = A (b) 33 A 
Ta; 17 15 
a ee (c) 33 4 (d) 314 
V =E +r =3+0.6x 1=3.6V; 3x1+6x2 
V,=E,-Ir, Solution (a) E = 75 __ =5V; 
=9-06x2=78V dx] 2 
4. Find / and J, in the Figure ed O41 3 k 
(a) 20A, 4 A b) 1A, 2 rn From equivalent circuit of the Figure (b) 
° : _5_ 15 
(c) 2A,ŽA (d) 1A, ZA I= 10+2/3 324 


Solution (c) tł _1,1 k 
Rẹ 2 3 6 6 


9 
~ 141425 — 


I 2A 


(b) 


V=“ IRp=2xl1=2V l l l 
7. Find the equivalent resistance about any branch of the 


2V base of the square pyramid shown. Assume resistance 
I~ 20 wma of each branch is R. 
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2R 2R/3 


Č D C 
(b) 
es 8R 
(a) T5 (b) T3 
R 
(c) A (d) none of these 


Solution (b) From the eqnivalent circuits of the Figure (b) 


SR 2R 
R- 3 3 _l6R_8R 
“ 8R 2R 30 15 
3 3 


8. A hollow cylinder of radiis a and b 1s filled witha 
material of resistivity p. Find the current through 


ammeter. 
Erl (b° -a° Ezl 
(a) = (b) 7 
á (oie, 2) 
a 
© E2al (a) E2al 
b a 
plog, — plog, 7 
a b 


Solution (c) Assume a hypothetical cylinder of radius x 


and thickness dx then 


ROO 
ce 
\ TMT 


E 
plog, 
far ms a mar E2zl 
2a xl 2al plog, 2 
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9. Find current J, in the Figure (a) 


É T I, 
4Q 3Q 1Q 
aT jl 3y T IV 
(b) 
2 
io 


(d) none of these 


Solution (b) Draw equivalent circuit as shown in the 


Figure (b). Let node potential be V, then applying KCL 
(Junction law) 


I+1,+1,=0 
‘ees s 
or 4 3 i 
or 6=3V+12-4V+12-12V=0 
= l 
or V= 19 Volt. 
_30 
19 _ 2 
L=- TH 


10. Find the potential drop across 4uF capacitor and 602 
resistor in the Figure 
(a) 0,0 
(c) 0,2V 


(b) 0, 3V 
(d) 2V, 0 


3 l 
Solution (d /= 34 2 


l 
Potential drop across 4Q resistor is V=4 x — =2V 


3y 20 


4 02 


The whole potential drop occurs across 4uF capacitor 
as current does not flow through the branch containing 
capacitor. 


11. The temperature of a conductor is increased. The 
product of resistivity and conductivity 
(a) increases 
(b) decreases 
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(c) remains constant 
(d) may increase or decrease. 


Solution (c) 


12. Two non-ideal batteries are connected in parallel. 

Then 

(A) the equivalent emf is less than either of the two 
emfs. 

(B) the equivalent internal resistance is less than either 
of the two internal resistances. 

(a) both A and B are correct 

(b) only A is correct 

(c) only B is correct 

(d) both A and B are wrong 


Solution (c) 


13. Aresistor connected to a battery is heated due to current 
through it. Which of the following quantity does not 
vary? 

(a) Resistance 

(b) Drift velocity 

(c) Resistivity 

(d) Number of free electrons 


Solution (d) 


14. Find the electric field in the copper wire of area of cross- 
section 2mm? carrying a current of 1A. The resistivity 
of copper is 1.7 x 10° Qm. 

(a) 4.25 x 103 V/m 
(b) 8.5 x 10°V/m 
(c) 8.5 V/m 

(d) 8.5 x 10° V/m 


Solution (b) J =o Eor E= == Jp =% 
olunon (b)J=o Eor Da e 
1x1.7x10* } 

P= 3,06 = 8.5x 10” V/m 


15. A high resistance voltmeter reads 1.52V when switch 
S is open and 1.48V when switch S is closed. The 
ammeter resistance is 
(a) 0.2 Q 
(c) 0.40 


(b) 0.3.0 
(d) 0.8 


Solution (c) E= 1.52V and V = E - Ir 
1.48 = 1.52 — 1 (r) or r=0.4Q 
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16. Find the resistance across A B in the Figure (a) 


(a) R (b) 


(c) (d) 


w | > 
w| e wjr 


(e) 3R 


R R 2R 


2R 
ANN, 


(b) 


Solution (b) Draw equivalent circuit of the Figure (b). 


then R =2 a 
eq 3 


17. When the current in a wire is 1A, the drift velocity 
is 1.2 x 10* ms™. The drift velocity when current 
become 5 A is 
(a) 1.2 x 10* ms-1 
(c) 6x 10*ms-—l 


(b) 3.6 x 10+ ms-1 
(d) 4.8 x 10+ ms-1 


Solution (c) Iœ v, ~. new drift velocity is 6 x 10“ ms. 


18. An ideal voltmeter is connected in the Figure. The 
current in circuit is 


(a) 2A 
(c) « 


(b) 2.5A 
(d) zero. 


Solution (d) Ideal voltmeter has infinite resistance. 
Therefore current will be zero. 


19. Inthe Figure A B is 300 cm long wire having resistance 
1002 per meter. Rheostat is set at 20Q. The balance point 
will be attained at 
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(a) 1.0m 
(b) 1.25m 
(c) 1.5m 
(d) cannot be determined. 


PRACTICE EXERCISE 3 
(UNSOLVED) 


1. Two cells of same emf are connected in series. Their 
internal resistances are r, and r, respectively and 
r, >r, When this combination is connected to an 
external resistance R then the potential difference 
between the terminals of first cell becomes zero. In this 
condition the value of R will be 


(a) (b) 


(c) r-r, (d) r +r, 


nh ntr, 


2. The ratio of the drift velocity v, and r.m.s. velocity of 
electrons is 
(a) 107° 
(c) 10° 


(b) 10° 
(d) 10° 


3. The VJ graph for a conductor at temperature T and T, 
are shown in the Figure (7’,— 7) will be proportional 


to 
(a) cos 20 (b) cot 20 
(d) tan 20 


(c) sin 20 
V 


4. Inameter bridge experiment, the known and unknown 
resistances are mutually interchanged to remove 
(a) indicator error 
(b) end error 
(c) contact error 
(d) thermoelectric error 
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Solution (b) V, = 50 ~” 3.6V. Terminal voltage of cell 


2x1.5 
2 


=1.5V 


3.6 
Using V = kl > 1.5 = 300 lor l= 125cm 


20. Ohm’s law can be applied to 
(a) ohmic devices (b) non-ohmic devices 
(c) both (a) and (b) (d) none 


Solution (c) 


5. The effective resistance the Figure between points X 
and Y will be 


3 Q 
3 Q 3 Q 
3 2 3 Q 
X 30 
(a) 4Q (b) 22 
(c) 8Q (d 169 


6. The equivalent resistance between points X and Y in 
the following diagram will be 


402 4Q 
4Q 
402 4Q 
x Y 
(a) 10.60 (b) 200 
(c) 162 (d) 8Q 


7. Eleven resistances, each of value 202, are connected 
as shown in the following diagram. The equivalent 
resistance between the points A and B will be 
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D 
© 4) Q 
w 


2 

(a) 2 (b) 3 & 
3 4 

0) 72 (d) 379 


The equivalent resistance between the points A and B 
in the adjoining figure will be 


1Q 3Q 
A B 
50 4Q 
(a) 2.96 Q (b) 3.71 Q 
(c) 1.68 Q (d) 5.12 Q 


The value of current in the 60Q resistance in the 
adjoining circuit diagram will be 


(a) O.LA 
(c) 0.OS5A 


(b) OSA 
(d) 0.01 A 


The value of current in other resistances in the above 
question will be 
(a) OIA 

(c) 0.05A 


(b) OSA 
(d) 0.01 A 


The equivalent resistance between the points 1 and 7 
in the adjoining circuit (Figure) will be 


12; 


13. 


14. 


15. 


16. 


ie 


18. 
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7 5 
(a) p’ (b) 6° 

3 9 
(c) 4! (d) ra 


In the above question, the effective resistance between 
the points 1 and 4 will be 


7 5 
a =r b) >r 

3 5 
() >t (d) 7r 


In the circuit of question 11 the equivalent circuit 
between the points 1 and 3 will be 


7 5 
(a) T2 r (b) 6 r 

3 3 
(c) 4 r (d) zt 


The equivalent resistance between A and B in the 
following circuit is 


(a) 1Q 
(c) 3Q 


An ammeter is always connected in series in a circuit 
because 

(a) its resistance is very high 

(b) its resistance is very low 

(c) it does not draw current from the circuit 

(d) its resistance 1s infinity 


In order to convert a moving coil galvanometer into 
ammeter, the following will have to be connected 

(a) high resistance in series 

(b) low resistance in series 

(c) high resistance in parallel 

(d) low resistance in parallel 


An ammeter can be converted into a voltmeter by 
connecting 

(a) alow resistance in series 

(b) a high resistance in series 

(c) alow resistance in parallel 

(d) a high resistance in parallel. 


An ammeter of resistance 5 Q can read 5 milli ampere 
current. If it is to be used to read voltage of 100 volt, 
then the resistance required to be connected in series 
with it will be 
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19. 


20. 


2i; 


22 


23. 


24. 


(a) 19995 Q 
(c) 199.995 Q 


(b) 19,9995 Q 
(d) 19999.95 Q 


The deflection in a moving coil galvanometer is 

(a) directly proportional to the number of turns in the 
coil 

(b) inversely proportional to the area of the coil 

(c) inversely proportional to the current flowing in it 

(d) directly proportional to the twisting couple per unit 
twist. 


The two cells are connected in series, in a potentiometer 
experiment, in such a way so as to support each other 
and to oppose each other. The balancing lengths in 
two conditions are obtained as 150 cm and 50 cm 
respectively. The ratio of emf’s of two cells will be 
(a) 1:2 (b) 2:1 

(c) 1:4 (d) 4:1 


In the following circuit diagram (Figure) if the ammeter 
reading is zero, then the voltmeter reading will be 


(a) zero 
(c) E, 


(b) E,+E, 
(d) E, 


Which physical quantity cannot be determined with the 
help of potentiometer? 
(a) I 
(c) L 


(b) V 
(d) R 


If Z current is flowing ina potentiometer wire of length 
L and resistance R, then potential gradient will be 


IR 
(a) FA (b) IRL 
RL IL 
(c) TF (d) R 


In the adjoining diagram R, = 10, R, = 209, R, = 
40W, R, = 80Q and VA = 5V, VB = 10V, VC = 20V, 
VD = 15V. The current in the resistance R will be 


(a) 0.4 A towards O 
(c) 0.6 A towards O 


(b) 0.4 A away from O 
(d) 0.6 A away from O 


23. 
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In the circuit of Q.92, the current in R, will be 


(a) 0.1 A towards O (b) 0.1 A away from O 
(c) 0.05 A towards O (d) 0.05 A away from O 


In the adjoining figure, the equivalent resistance 
between the points A and H will be 


7 8 
(a) 3 Q (b) 7 Q 

9 11 
(c) =Q (d) y Q 


In the following star.circuit diagram, the equivalent 
resistance between the points A and H will be 


(a) 1.944r 
(c) 0.486r 


(b) 0.973 r 
(d) 0.243 r 


In the adjoining circuit diagram each resistance is of 
10 Q. The current in the arm AD will be 


2i 3i 
= b — 
(a) 5 (b) z 
4i i 
a d = 
(c) i (d) : 


In the circuit of above question the current in the arm 
BC will be 


2i 3i 
(a) z (b) 5 
Ai i 
(c) z (d) 5 
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31. 


32. 


33. 


34. 


35. 


In the Figure circuit of Wheatstone’s bridge is 
represented. When the ratio arms P and Q are almost 
equal then the bridge gets balanced at R = 400 Q. If P 
and Q are mutually interchanged then the bridge gets 
balanced at R = 441. The value of unknown resistance 
X will be 


(a) 402.49 O (b) 403 Q 

(c) 404 Q (d) 420 Q 

In the above question, the ratio Q/P will be 
(a) 1.05:1 (b) 1.005: 1 
(c) 1.5:1 (d) 1.25:1 


A Wheatstone’s bridge is constructed out of four 
resistances 10 Q, 50 Q, 100 Q and 500 Q. If a 25 volt 
battery is connected across 500 Q resistance then 
current in 500 Q resistance will be 

(a) 5mA (b) 0.5A 

(c) 5A (d) 0.05 A 


In the above problem, current in rest of the resistances 
will be 

(a) 8.8 A 
(c) 0.37 A 


(b) O.ISA 
(d) 3.5A 


In the following circuit, if key K is pressed then the 
galvanometer reading becomes half. The resistance 
of galvanometer is 


S= 4022 
(a) 20Q (b) 30Q 
(c) 400 (d) 50Q 


If the central resistance is 15 Q then the equivalent 
resistance between A and B will be 


1Q 3 Q 


3.Q 1Q 
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3 
(a) 5 Q (b) 4Q 
33 l 
(c) T7 Q (d) z Q 


Each resistance in the following figure is of 3 Q. 
The equivalent resistance between A and B will be 


(a) 10Q 
(c) 3Q 


The value of i in the following circuit diagram will be 


A b) ŽA 
(a) 5 (b) J 
(c) ZA (d) 1A 


In the given figure, the potential difference between the 
points A and B will be 


B 
SV 
7Q2 7 QQ, 
7 Q2 
D C 
7 QQ 
10 » 4 
a) SV O) SV 
8 » 2 
o 5 V @ FV 


In the above problem the potential difference between 
the points A and D will be 


l 5 
(a) 3 V (b) 3 V 

7 10 
(c) 3 V (d) 3 V 


If Ohm’s law is presumed to be valid, then drift velocity 
Vand electric field E are related as 


(a) v,< E, (b) vio JE 
(c) vyx E (d) v, cE, 
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42. 


43. 


44. 


45. 


In the circuit shown, the current in 2 Q resistance 
will be 


67 2.802 


(a) 1.25 A 
(c) 18A 


(b) LSA 
(d) 0.9 A 


Each resistance in the adjoining network is of 1Q. The 
effective resistance between A and B will be 


ANZN: 


4 3 
(a) 3 Q (b) > Q 
(c) 7Q (d) 8/77 Q 


The resistance between the points A and B in the 
adjoining figure will be 


8 Q 


(a) 6Q 
(c) 16Q 


(b) 89 
(d)24 Q 


A flash light cell of emf. 1.5 volt gives 15 ampere 
current when connected to an ammeter of resistance 
0.04 Q. The internal resistance of the cell will be 

(a) 0.04 Q (b) 0.06 Q 

(c) 0.10 Q (d) 10 Q 


In the circuit shown, the value of resistance X in order 
that the potential difference between the points B and 
D is zero, will be 


46. 


47. 


48. 


49. 
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If n, e, tand m are respectively the density, charge, 
relaxation time and mass of an electron then the 
resistance of wire of length / and cross-sectional area 
A, will be 


ml r 
(a) ne°tA (b) ne’l 
ne-tA ne’ A 

e) ml (d) mtl 


In the circuit shown, the value of current given by the 
battery will be 


2 Q A 7Q 
15Q 
0.50 
8 Q 
(a) 1A (b) 2A 
(c) 1.5A (d) 3A 


In the circuit shown, if key K is open, then ammeter 
reading will be 


1OV 
+ — 


(a) 50A (b) 2A 
10 
(c) 0.5A d >A 


The resistance of an iron wire is 10 Q and its temperature 
coefficient of resistance 1s 5 x 10-3/°C. A current of 
30mA is flowing in it at 20°C. Keeping potential 
difference across its ends constant, if its temperature 
is increased to 120° C then the current flowing in the 
wire will be (in mA) 
(a) 20 

(c) 10 


(b) 35 
(d) 40 


A copper wire of length 1m and radius 1mm is connected 
in series with another wire of iron of length 2 m and 
radius 3 mm. A steady current is passed through this 
combination. The ratio of current densities in copper 
and iron wires will be 
(a) 18:1 

(c) 6:1 


(b) 9:1 
(d) 2:3 
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53. 


54. 


55. 


56. 


A battery of emf. 10V is connected to a network as 
shown in the Figure. The potential difference between 
the points A and B will be 


ig A 30 


(a) -2V 


(ce) 5V (d) 


In the following circuit diagram, E = 4 V,r = 1 Q and 
R = 45 Q, then reading in the ammeter A will be 


(a) 1A (b) 


l 
2 
l 
aA 


| 
(c) 8 A (d) 


In the above problem the voltmeter reading will be 
(a) 4V (b) 3V 


(c) 15V (a) 3y 


A student connects four cells, each of internal resistance 
1/4 Q, in series. One of the cells is incorrectly connected 
because its terminals are reversed. The value of external 
resistance is 1 Q. If the emf of each cell is 1.5 volt then 
current in the circuit will be 


4 
(a) 3 A (b) zero 
(c) =A (d) LSA 


An aluminum rod and a copper rod are taken such 
that their lengths are same and their resistances are 
also same. The specific resistance of copper is half 
that of aluminum, but its density is three times that of 
aluminum. The ratio of the mass of aluminum rod and 
that of copper rod will be 


D 2 
ON- (b) 5 
l 
© 3 (d) 6 


In the following circuit shown, 1f point B is earthed 
then potential at D will be 


37. 


58. 


59. 
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(a) 40 V 
(c) zero 


(b) -40 V 
(d) 80 V 


The potential drop across 4V battery in the following 
circuit will be 


(a) 2V 
(c) 9V 


(b) 5V 
(d) 6V 


In the followingcircuit, AB is a long resistance wire of 
300 2. It is tapped at one third distance and is connected 
as shown in the Figure. The equivalent resistance 
between X and Y will be 


4022 


(a) 200 
(c) 602 


(b) 32Q 
(d) none of above 


In the following circuit the resistance of wire AB 
is 10 Q and its length is Im. Rest of the quantities are 
given in the diagram. The potential gradient on the wire 
will be 


b4 
(b) 0.008 — 


(d) none of the above 
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61. 


62. 


63. 


64. 


65. 


66. 


67. 


In the above problem the length of wire AO, at null 
point, will be 
(a) 37.5 cm 
(c) 75 cm 


(b) 3.75 cm 
(d) 15cm 


Faraday constant 

(a) depends on the amount of the electrolyte 

(b) depends on the current in the electrolyte 

(c) is a universal constant 

(d) depends on the amount of charge passed through 
the electrolyte. 


An electrolysis experiment is stopped and the battery 

terminals are reversed. 

(a) The electrolysis will stop. 

(b) The rate of liberation of material at the electrodes 
will increase. 

(c) The rate of liberation of material will remain the 
same. 

(d) Heat will be produced at a greater rate. 


Consider the following two statements. 

(A) Free electron density is different in different metals. 

(B) Free electron density in a metal depends on 
temperature. 


Seebeck effect is caused 


(a) due to both A and B 

(b) due to A but not due to B 

(c) due to B but not due to A 

(d) neither due to A nor due to B. 


The electrochemical equivalent of a material depends 

on 

(a) the nature of the material 

(b) the current through the electrolyte containing the 
material 

(c) the amount of charge passed through the electrolyte 

(d) the amount of this material present in the 
electrolyte. 


According to Joule’s law, if the potential difference across 
a conductor of resistivity remains constant, then the 
heat produced in the conductor is proportional to 


(ay + o) — 
p 


T 


(c) p (d) 2 


Two electric bulbs, each designed to operate with 
a power of 500 W in a 220 V line, are connected in 
series with a 110 V line. The power consumed in each 
bulb is 

(a) 125 W 
(c) 62.5 W 


(b) 93.75 W 
(d) 31.25 W 


A constant voltage is applied between the two ends of 
a uniform metallic wire, some heat is developed in it. 
If both the length and the radius of the wire are halved, 
the heat developed in the same duration will become 


68. 


69. 
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73. 
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(b) one fourth 
(d) half 


(a) four times 
(c) twice 


A house wiring, supplied with a 220 V supply line, is 
protected by a 9 amp. fuse. The maximum number of 
60 W bulbs in parallel that can be turned on is 

(a) 44 (b) 33 

(c) 22 (d) 11 


A uniform wire connected across a supply produces heat 
H per second. If the wire is cut into n equal parts and 
all the parts are connected in parallel across the same 
supply, the heat produced per second will be 


eo = (b) nH 
n 

(c) nH (d) = 

n 


An 800 W, 220 V kettle and three 100 W, 220 V bulbs 
are connected in parallel across a 220 V source. The 
current drawn from the source is 

(a) 6.9 A (b) SSA 

(c) 50A (d) O.ISA 


Two electric bulbs, one of 200 V— 40 W and other of 

200 V— 100 W are connected in house wiring circuit. 

(a), the resistance of 100 W bulb is more than that of 
40 W bulb. 

(b) the resistance of 40 W bulb is more than that of 
100 W bulb. 

(c) The resistances of bulbs are equal. 

(d) Both the bulbs carry equal currents. 


In Q. 16, if the bulbs are connected in series with a 200 

V line, then 

(a) the potential drop across two bulbs is the same 

(b) the potential drop across 40 W bulb is greater than 
that across 100 W bulb 

(c) the potential drop across 100 W bulb is greater than 
that across 40 W bulb 

(d) none of these 


Two heater coils separately take 10 min and 5 min to 
boil a certain amount of water. If both the coils are 
connected in series, the time taken will be 

(a) 2.5 min (b) 3.33 min 

(c) 7.5 min (d) 15 min 


In Q. 13, 1f the coils are connected in parallel the time 
taken will be 
(a) 6.66 min 
(c) 3.33 min 


(b) 7.5 min 
(d) 2.5 min 


Two electrical appliances are connected in parallel to a 
constant voltage supply. If the current in one appliance 
is 1% less than that in the second appliance, then the 
power of the first appliance will be less by 

(a) 5% (b) 4% 

(c) 2% (d) 1% 
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The parameter irrelevant for an electric fuse wire is 
(a) its radius 

(b) its specific resistance 

(c) current flowing through it 

(d) its length 


In the circuit shown, the heat produced in 5 Q resistor 
is 10 calorie/sec. The heat produced/sec in 4 Q resistor 
will be 


4Q 6 Q 
5 QQ 
(a) lcal (b) 2 cal 
(c) 3cal (d) 4cal 


The neutral temperature of a thermocouple is 275°C and 
the temperature of inversion is 600°C. The temperature 
of the cold junction is 
(a) 50°C 

(c) —25°C 


(b) 25°C 
(d) -50°C 


Two cells, each of emf 2 V and internal resistance 1 Q 
are given. The maximum heat that can be produced in 
a resistance of 0.5 Q with the help of given two cells is 
(a) 4.2 W (b) 2.9 W 

(c) 2.0 W (d 1 W 


The thermo-emf of a copper-constant couple is 40u V 
per degree. The smallest temperature difference that 
can be detected with this couple and a galvanometer of 
100 Q resistance capable of measuring the minimum 
current of luA is 
(a) 2.5°C 

(c) 1.5°C 


(b) 2°C 
(d) 1°C 


Two electric bulbs, each designed to operate with a power 
of 500 W in 220 V line, are connected in series in a 
110 V line. The power generated by each bulb will be 
(a) 11W (b) 312.5 W 

(c) 22 W (d) 31.25 W 


A resistance coil of 60 Q is immersed in 42 kg of water. 
What is the rise in temperature of water per minute 
if a steady current of 7 A is made to flow through 
the coil? 

(a) 10.19°C 
(c) 1.0°C 


(b) 9.15°C 
(d) 0.5°C 


In the circuit shown below, the power supplied by the 
battery is 
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(a) 5W 
(c) 10W 


(b) 2.5 W 
(d) 25 W 


When different parts of a metal are kept at different 
temperatures and current is passed through it, heat is 
either evolved or absorbed. This effect is called 

(a) Thomson effect (b) Seebeck effect 

(c) Peltier effect (d) none of these 


In a metal with positive Thomson coefficient, current 
is passed from the lower temperature to higher 
temperature side, then 

(a) heat will be evolved 

(b) heat will be absorbed 

(c) heat is neither absorbed nor evolved 

(d) none of these 


The emf in a thermoelectric circuit with one junction 
at 0 and the other at f°C is given by E = at + bf . The 
neutral temperature is 


2b 
(a) 
(C) JR a= 


In a given thermocouple, the temperature of cold 
junction is 20°C while the neutral temperature is 270°C. 
The temperature of inversion is 

(a) 590°C (b) 520°C 

(c) 470°C (d) 420°C 


The thermo-emf of a thermocouple is 40uV per 
degreetemperature difference. A galvanometer of 50Q 
resistance capable of detecting current as low as 10 A 
is connected with one such thermocouple. The smallest 
temperature difference that can be detected by such a 
thermocouple is 
(a) 17.5°C 

(c) 8.5°C 


(b) 12.5°C 
(d) 2.5°C 


Amount of energy absorbed or evolved when one 
ampere of current passes for one second through a metal 
kept at a temperature difference of 1°C is called 

(a) Thermo-emf 

(b) Thermoelectric power 

(c) Thomson coefficient 

(d) Peltier coefficient 


Two electroplating cells, one of silver and another of 
aluminum are connected in series. The ratio of the 
number of silver atoms to that of aluminum atoms 
deposited during time t will be 

(a) 1:9 (b) 9:1 

(c) 1:3 (d) 3:1 


10 Acurrent deposits 10.8 gm silver in 900 s. The mass 
of copper deposited by 9A current in 1200s will be 
(a) 12.7 gm (b) 10.8 gm 

(c) 6.35 gm (d) 3.8 gm 
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A silver and a zinc voltameters are connected in series. 
A current is passed through them for time t. If W gm 
zinc is liberated, then the weight of silver deposited 
will be nearly 
(a) 3.3 W 
(c) 1.7 W 


(b) 2.4 W 
(d) 1.1 W 


What is the approximate strength of current that will 
deposit 0.5 gm of silver on a spoon in 7.5 minutes? 
(Given e.c.e. of silver — 0.001118 gmC"') 

(a) 1A (b) 0.005 A 

(c) OSA (d) 0.1 A 


1A of current flowing through a silver voltameter for 25 
minutes deposits 1.5 gm of silver. The e.c.e. of silver 
will be (in gmC7! ) 
(a) 0.0001 

(c) 0.01 


(b) 0.001 
(d) 0.1 


An ammeter, suspected to give inaccurate reading, 
is connected in series with a silver voltameter. The 
ammeter indicates 0.54A. A steady current passed for 
one hour deposits 2.0124 gm of silver. If the e.c.e. of 
silver is 1.118 x 10° gmC", then the error in ammeter 
reading is 

(a) +0.04A 
(c) —0.03 A 


(b) +0.02A 
(d) -0.01 A 


Consider a thermocouple made of iron and constantan. 
If the thermo emf’s of iron and constantan against 
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platinum are + 800 and -1700 uV per 50°C difference 
of temperature, then the emf developed per °C 
difference of temperature between the junctions will 
be (in pV/°C) 
(a) 200 
(c) 100 


(b) 150 
(d) 50 


A beam of 16 MeV deutrons from a cyclotron falls on 
a copper block. The beam is equivalent to a current of 
15uA. At what rate do the deutrons strike the block? 
(a) 9.4 x 10° (b) 9.4 x 107 

(c) 9.4 x 10! (d) 9.4 x 10% 


An electric bulb is operating at 110V. Power consumed 
by it, if it is rated 220V — 100W, will be 

(a) 90 W (b) 75 W 

(c) 50 W (d) 25 W 


The same mass of copper is drawn into two wires 1mm 
and 2 mm thick. Two wires,are connected in series and 
current is passed through them. Heat produced in the 
wires is in the ratio 


(a) 2:1 (b) 1: 16 
(c) 4:1 (d) 16:1 
The two head lamps of a car are in parallel. Together 


they consume 48 W with the help of a 6 V battery. The 
resistance of each bulb is 


(a) 150 (b) 400 

(c) 0.670 (d) 3.00 
5. (b) 6. (a) 7. (b) 
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Dual nature of radiation. Photoelectric effect, Hertz and Lenad’s observations; Einstein's photoelectric 
equation; particle nature of light. Matter waves-wave nature of particle, de Broglie relation. Davisson-Germer 


experiment. 


BRIEF REVIEW 


Magnetic Force 


A charged particle having charge q will experience a 
force F = q (vx B) if it enters a magnetic field B witha 


velocity v. 


This principle may be employed in Television 
Receivers to deflect electrons. The SI. unit of magnetic 
field is Wbm” or Tesla (T). The CGS unit.is Gauss = 
Maxwell/cm? 


1 Gauss = 10“¢T 


If the charged particle is subjected to both electric and 
magnetic fields, the net force acting on the moving charged 
particle is given by Lorentz force 


F =q E +q(vxB) 


This method is employed in J.J. Thomson’s experiment 
to find e/m. 

If a charged particle always moves perpendicular to 
the magnetic field then it will describe a circle of radius 
R such that R= ~~ 

qB 
Since it 1s a radial force, it only changes the direction and 
does not do any work. [See Fig. 13.1] 


Fig. 13.1 Principle of cyclotron illustration 


Time period of revolution T = as = 2am 
v qB 
d cyclotron fi f Zt 
and cyclotron frequency f.= — = — 
: PAY de T 2am 


If the charged particle enters obliquely into a magnetic 
field B, the velocity can be resolved into two perpendicular 
components: one along the field and other perpendicular to 
the field. The perpendicular component describes a circle 
and parallel component causes linear motion. As a result the 
charged particle describes helix. See Fig. 13.2 (a) and (b). 


pey sin 0 


Fig. 13.2 (a) Oblique projection of a charged particle 


13.2 


Pitch 


Fig. 13.2 (b) Helix 


Pitch ofhelix The linear or horizontal distance moved in 
one complete rotation is called pitch of the helix. 


2 
Pitch of the helix = v,. T = v, (222 
qB 


Magnetic force due to a current-carrying conductor 
when placed in a uniform magnetic field B is 

dF =I dlxB 

The direction of magnetic force 1s given by Fleming’s 
Left hand rule. 


Note F =I Ix B if the conductor is straight. 

Otherwise F = fz (ai x B) 

Torque acting on a current-carrying loop when placed 
in a uniform magnetic field is z = nI (A x B) 

Where n is number of turns in the coil or loop and area 
vector A 1s perpendicular to the surface. 

For a rectangular coil A = Ib 

and for a circular coil A = zr’. 

We can also write 

regl (Ax B) =M xB where M =n A is magnetic 
dipole moment. 


Note that the coil will bein stable equilibrium if 6 = 0 
and coil will be in unstable equilibrium if 6 = 180°. Torque 
is maximum if 8 = 90°. 

If the magnetic field is non uniform then coil will 
experience torque as well as linear motion. 


Biot Savart Law The magnetic field produced due to a 
current-carrying element of length d/ at any point P is given 
— Idi xr 

by dB =H, ri 


(See Fig. 13.3) 


3 
ur 


P 


Fig. 13.3 Biot savart law 
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Holdi sin 0 

Anr? 
where u, is permeability of free space and u, = 4z x 10°’ Wb 
(A—m) or Henry m”. 


or |dB] = 


The direction of magnetic field is given by Right hand 
thumb rule as illustrated in Fig. 13.4 


Fig. 13.4 (b) Illustration of direction of magnetic field 


Magnetic field strength due to straight current-carrying 
conductor at a point P 


Fig. 13.5 Magnetic field due to finite straight conductor 


From Fig. 13.5 magnetic field strength at P is 


Hol 
ee (cos @, — cos 6,) 
I 
= a (cos 0, + cos@, ) 
Ml 
= t 
Ard (sin a + sin £) 


The direction of magnetic field is given by Right hand 
thumb rule. From Fig. 13.4(a), it 1s clear that magnetic 
field at P is perpendicular inwards the plane of paper and 
magnetic field at § is perpendicular outwards the plane 
of paper. 
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Magnetic field strength at point P on a perpendicular 
bisector is 
Re Lyla 
2nd Va* +4d? 


Fig. 13.6 Magnetic field at perpendicular bisector 


Magnetic field strength at point p due to a long current- 
kol 
2nd 


carrying conductor is B = 


Magnetic field strength at the center of a circular loop 
carrying current J 


Hol 
B= —— 
2r 


Fig. 13.7 Magnetic field due to a circular loop at its centre 


The direction of magnetic field 1s perpendicular 
inwards the plane of loop if the current is clockwise and 
perpendicular outwards if the current is anti-clockwise. 


Magnetic field strength due to a circular arc of radius r 
at the centre 


Fig. 13.8 Magnetic field due to a circular arc 


See Fig. 13.8 and take @ in radian. 


T a2) 
2r \ 2m 


Thus for a semicircular loop 


I 
B= aal as 0=1 
4r 
Magnetic field strength at any point on axial line of 


circular ring carrying current J 


B- ulr’ 


9] 


2 r +x? M 


Fig. 13.9 Magnetic field due to a circular loop at any point 


where r is radius of the circular loop. 


The direction of magnetic field is same as for circular 
coils. 


Special cases Magnetic field at a very large distance 
from the centre i.e. x >> r 


B= hlr? _ yl (ar) = 2 HM 
2x° 2nx° Anx? 


That 1s, coil behaves as a magnetic dipole. 


At the centre of the loop x =0; B= Hol 
2r 
Ampere’s Circuital law 


ÈB.dl =p J 


Fig. 13.10 Ampere circuital law illustration 


See Fig. 13.10 
If J, and J, are taken as positive and J, as negative then 
f=I[,+1,- I, and then 


> B.dl = u(i + I, E L) 


13.4 


Note that any current outside the loop is not included 
in the right hand side in the current. 


Note that $B .dl = u J can be applied even to a long 
conductor. 


Magnetic field due to a long solenoid at the axis of the 
solenoid 


B = nu „7 where n is number of turns per unit length 


Fig. 13.11 Solenoid 


Magnetic field outside the coil is zero. 


Magnetic field at any point P in the solenoid as shown 
in Fig. 13.12 is 


l 
B = 


p= > unl[cos@, — cos 0] 


l 
At point ForE B= z PM [see Fig. 13.12] 


A 
& 


Q 


Fig. 13.12 Magnetic field inside the solenoid atany point 


Magnetic field at any point P (acting tangentially) 
on a toroi 


Fig. 13.13 Toroid 


NI 
From Fig. 13.13 B= —— 


2ar 
where N is total number of turns. 


Magnetic force between two long, parallel current- 
carrying conductors 


If d is the separation between two long current-carrying 
conductors carrying currents J, and J, as shown in 
Fig. 13.14 
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BO @ B 


Fig. 13.14 Force between two long current-carrying 
conductors 


then IE = Halil 
dl 2nd 


Note that the force is attractive if the conductors carry 
current in the same direction. Force will be repulsive if they 
carry current in opposite directions. 


Magnetic field due to a moving charge at any point P 
distant r from the charge. 


1 — Mh gqd\vxr 
pa Hogsing or = _ Hoalvxr) 


Z 3 


4ar 4ar 


Magnetic force between moving charges: If two charges 
q and.g, are moving with v, and v, parallel to each other at 
a separation r then 

_ Ho G2 V> 


2 


F 


mag 


Even the like charges moving in the same direction 


will repel as Fise > F mag 


vi v 


dı q, 
4— r — 


Fig. 13.15 Magnetic force between moving charges 


Since electric force is repulsive and magnetic force is 
attractive, the net force is repulsive. Note the force will be 
attractive only if charges are unlike. 


Magnetic Dipole Moment (M) Magnetic dipole 
moment is defined as the product of pole strength (m) and 
length of the magnet (J) 1, e,. M = mil as illustrated in Fig. 
13.16 Pole strength may sometimes be called magnetic 
charge. Magnetic poles are of two types N—pole and S—pole. 


+ — | —_ > 
e N Se 
Fig. 13.16 Magnetic dipole 


Also M = IA where Z is current and A is area. Note that 
unit of pole strength is Am while that of magnetic dipole 
moment is Am?. 
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If L and / are geometric and magnetic lengths 


l 
respectively then ~— = 5/6 as illustrated in Fig. 13.17. 
g 
: 
4————— geometric length —————_p» 
magnetic length 
N 7 S 


Fig. 13.17 Magnetic length 


È B.ds =0=V.B and rejects the existence of monopole 


mm 
Magnetic force F = oa 
47x 
Fig. 13.19 Magnetic field due to a bar magnet on 
broadside on position 


Magnetic Held Strength (Magnetic induction) 
Magnetic Potential at any point due to a bar magnet 


Pee we dsmnethieusneanclens! 
m dx We define this using single pole 
B = [M L’ T? A7] P 
Magnetic field due to a bar magnet along axial line (end- J 


on position) at any point P 


B=B -Bat 
z _2mMd A 
L» N 


~ 4n(d? -PY 
S 
Fig. 13.20 Magnetic potential at any point 


2 uM 
due to a short magnet. 


B= ra? 
S N B, B 
4 —” V= um cos 8 
ý Mcos@ 
«—— d+] —— > V= aoo due to a short bar magnet. 
4rd 
Fig. 13.18 
Note that the direction of magnetic field is the one Special Cases 
experienced by a unit north pole at that point 1.e. unit north uM 
pole is taken as a standard test pole. Along end on position 6 = 0, V = 4rd? cosĝ= | 
Along equatorial line or broad side on position V = 0 


Magnetic field due to a bar magnet along equatorial line 


or on broadside on position 
Magnetic field strength due to a bar magnet at any 


B=B, cos + B, cosé 
point P 
— Ws By cos@ 
— MM | NS a dx 
B= Aaa? +r)? Glong NS) Va | 
j P 


HoM 
And? (along NS) due to a short bar magnet. 


Unit of magnetic field strength or Magnetic induction (B) is 

Tesla (T) or Wb m” which are SI units. Gauss is the CGS unit. vy 
1Gauss = 104+ T ag 

y 0 


Magnetic Potential (V) 
d — f B.dx = Pol? 
as Fig. 13.21 Magnetic field at any point due to dipole 


s= — or V= 
dx 4nr 


13.6 
M 
B= Po ; 1+3cos*@ 
4nd 
tan f tan @ 
n = 
2 


Magnetic Held Lines Magnetic field lines make a closed 
loop. They start from N-pole and end at S-pole outside the 
magnet, and S-pole to N-pole inside the magnet as illustrated 
in Fig. 13.22 


Fig. 13.22 Magnetic field lines 


B 
Magnetising Reld H= — (in vacuum). Its dimensional 
u 


o 


formula is [M? L- T°A]. The electric current enclosed in a 
closed path of unit length in a magnetic field is defined as 
magnetising field H, 1.e., 


I 
C a lm,H=I 


Magnetic Flux Density or Magnetic Induction B 


E 
A 
B=oifA=lm 


Magnetic field line passing through unit normal area in 
a magnetic field is defined as magnetic induction. The 
direction in which a current-carrying conductor in a magnetic 
field experiences no force is the direction of magnetic 
induction. 


Magnetic Moment of an electron due to its orbital motion 
Magnetic moment of electron is due to orbital angular 
momentum and spin angular momentum. 


Orbital magnetic moment M L= =] 
2m 
co 
=-—n 
4am 
L=n A 
20 
H= is called Bohr magnetron. 
4am 


u, = 0.93 x 10 Am? 
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. , - ez 

Spin magnetic moment M , =-—S$ 
m 

1.e., M, = 2M, 

Thus total magnetic moment 


— 


M. =M, =M, s an 


Tot 


The coefficient ae is called gyro magnetic ratio. 
m 


Fig. 13.23 Illustration of spin angular total and average 
magnetic moment 


—e 
From Fig. 13.23 M „= Mw cos 0=g (=), 
avg ot Im 


oe) 
2 j( i+) 


For pure orbital motion s = 0, j = l and g = 1, for 
pure spin motion / = 0, j = s and g = 2. These values agree. 
j= 2 — s| if shell is less than half filled. 


where g = 


and j= i 7 | if shell is more than half filled. 


B 
‘ 


Fig. 13.24 


| Magnetic Effectsof Current 
dL 
Torque —=tT=MxB 
dt 


e 
ca LxB=o, 


Thus @, represents Larmor’s frequency and is given by 


eB 


L” 2m 


and describe precession as illustrated in Fig. 13.24. 


@ 


About 90% of the magnetic moment is due to spin 
motion of electrons and about 10% due to orbital magnetic 
moment. If the magnet is cut along the length, pole strength 
decreases 1.e., pole strength œ Area. Magnetic dipole moment 
of the earth is 8 x 10” J /T. The magnetic axis makes 
11.5°angle/geographic north with the axis of rotation of 
the earth. The point where the dipole axis cuts near N—pole 
and other near S—pole is termed as geomagnetic north pole 
and geomagnetic south pole respectively as illustrated in 
Fig. 13.25. 

geomagnetic seasphic 
North 


Fig. 13.25 Magnetic field of the earth 


Earth’s magnetic field changes both in magnitude 
and direction with passage of time. It.is believed that 
the earth’s magnetic field has reversed 171 times in 
the past 10’ years. The latest reversal occurred 10,000 
years ago. 


Hement of Earth's Magnetic Field Declination @ , 
dip (ô) and horizontal component of earth’s magnetic field 
(B,,) are called elements of earth’s field. 


Declination @ Angle between the geographic 
meridian and magnetic meridian is called declination 
0. The knowledge of declination fixes the vertical 
plane in which earths magnetic field lies as shown in 
Fig. 13.16. 


Dip (ô) The angle made by the earth’s magnetic field with 
the horizontal direction in the magnetic meridian is called 
the dip or inclination. 


In the northern hemisphere N-pole of compass needle 
(or magnetic needle) dips downwards and in the 
southern hemisphere S-pole of the compass needle dips 
downwards. 


From Fig. 13.26 


13.7 | 


Geographic declination 
N-Pole 
Magnetic B 


N-Pole 
Q 


Geographic 
meridian 


magnetic 
meridian 


Fig. 13.26 Magnetic meridian, dip and declination 


B,=Bcos ô ,B =B sinô and 


B, 
tan ô= —— 
H 

Magnetic elements help to understand the location of 
a place. This is the reason that magnetic maps are used in 
navigation and aviation. 
Isogonic lines are lines that join same declination in a 
magnetic map 


Isoclinic lines join the same dip in magnetic maps. 


Isodynamic lines join the same B,, (horizontal component 
of the earth’s field) in magnetic maps. 


A clinic line or magnetic equator is the line joining zero 
dip. At poles dip = 90° 

Angle of dip is measured using dip circle. If dip circle 
is set in magnetic meridian then the angle read by dip circle 
is angle of dip. 
If the dip circle is inclined at an angle @ with magnetic 
meridian and dip circle reads © called apparent angle of 
dip. True dip 6 is then given by tan © = tan 6’ cos @. If 
the angle @, the dip circle makes with magnetic meridian 
is unknown, then rotate the dip circle by 90° after noting 
apparent dip 5’. At rotated position it reads dip 6" The true 
dip ô is given by cot? ô = cot? ô” + cot? 6" 
Neutral Points The points where magnetic field due to a 
magnet is equal and opposite to the earth’s horizontal field. 
Compass needle will stay in any direction at these points. 


If N-pole of the magnet points to geomagnetic S-pole, the 
neutral points occur on end-on position or on the axial line. 


If N-pole of the magnet points to geomagnetic S-pole, neutral 
points will lie on broadside on position or equatorial line. 


Tangent Law If two fields are perpendicular and one of 
them is known, then other can be determined. 


From the Fig. 13.27, 
B „= Bp., COS 0 and 
B= B sin 8. Therefore 
B = B, tan 0 


(unknown mag field) 


Fig. 13.27 Tangent law 


Tangent Galvanometer It is based on tangent law. 
When a current J is passed through its coil having n turns 


I= K tan 6 where 
2rB , 


= ia where r is radius of the coil and K is 


reduction factor. Sensitivity of the tangent galvanometer is 
maximum if @ = 45°. 


Deflection Magnetometer 


Tan A position Pointer and arms are along East-West 
and pointer coincides with zero-zero. 

Magnetic needle points North-South as shown in 
Fig. 13.28(a). 


(pointer made of Al) 90 (magnetic needle) 


(arm made 


Left arm Right arm 


of wood) 


Fig. 13.28 (a) Magnetometer set in tan A position 


M _4ra(d -ŻY 


tan 0 
By 2u,d 
If magnetic dipole moment is same and @ 1s measured 
B tan 0 
at two different places then —*+ = — 
B,, tang, 


If 8 is kept same (45°) and two different magnetic 
dipoles (or bar magnets) are taken then 


M, _ d, (df — Py 


M, p d (d; e 


3 
— 1 = ta for a short dipole 


2 


Tan B Position Arms and magnetic needle point North- 
South and pointer East-West and coincides with 0 — 0. 


In tan B position 
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N 90 
oł Jo 
S 90 


Fig. 13.28 (b) Magnetometer set in tan B position 


M 4r(d? +P)” tano 


Se SS E E or 
By My 

M, (d?+2)" 

M, di +b 

M 


3 
l d, 
— = El For a short magnet 
d, 


Vibration Magnetometer Time period of oscillation 


I 
MB, 


Re J: 


If with same magnet time period is measured at two 
different places then 


T? B , , 
— = —#2 where J is Moment of Inertia. For a bar 
T, By 
magnet 
2 2 
[= WU PO) where W is mass of the bar magnet. 
12 


Comparison Method To compare the magnetic dipole 
moments of two magnets initially the pole of two magnets 
are aligned in what is called sum position as shown in Fig. 
13.29(a). 


S N 
S N 


Fig. 13.29 (a) Aligned poles or sum position 


Let the time period of vibration be T,. The poles are 
then misaligned (called difference position) as shown in 
Fig. 13.29(b). 


S N 


Fig. 13.29 (b) Misaligned poles or difference position 
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Let the time period be T,. Note T, > T,. Then 


M, T+T? 


M, p T -7 


The motion of electron in its orbit acts like a 
current loop. This provides magnetic dipole moment 
to an atom. Besides this, electron has a spin angular 
momentum which contributes about 90% of the dipole 
moment. Nucleus also has some magnetic moment 
but it is several thousand times less than the magnetic 
moment of an electron. Thus the resultant magnetic 
moment of an atom is the vector sum of all such magnetic 
moments. Thus 


M=M, +M, = 5 [E+25 | 


e 
The term on is called gyromagnetic ratio. 
m 


Note: M, = 2M, where M, and M, are orbital magnetic 
moment and spin magnetic moment respectively. 


Fig. 13.30 Illustration M., M,, Mavg and M 


Total 


M w = M cos 0=g (=) J as illustrated in Fig. 13.30 
m 


J(J+1)+S(S4+1)-1(+1 

were ¢ = (LU #0+8(S+1)-U(1+1 
2J (J +1) 

For pure orbital motion S = 0, J = Land g = 1. For pure 

spin motion / = 0, J = s and g = 2. These values agree as 


explained earlier. J = |/ — s| 1f shell is less than half filled and 
J = |1 + s| 1f shell 1s more than half filled. 


dl — = - 
We know torque t = © -MxB=—LxB=0,L 
dt 2m 
œ, represents Larmors frequency and is given by 
_ eB 
L 2m 


It describes precession as illustrated in Fig. 13.31 


----> 
ve 


Fig. 13.31 Larmor’s frequency illustration 


u =£ =93 x 10ST 
2m 
represents Bohr magneton. 
E = u „Bm wherem, is and integer given by —I, 
-l+ 1,...0,..2-1,1 


AE = uB and l is orbital quantum number. 


Fig. 13.32 


Figure 13.32 illustrates splitting of an atomic level by 
a magnetic field (Zeeman effect) for / = 1 


In case of spin AE = 2u,B for m, = -1/2 and +1/2 


Fig. 13.33 
Magnetization Vector (1) = “emetic moment _ M 
Volume V 
2ml ole strength 
a sani aa unit Am"! 


2IA A Area 


B 
(H) H =— in vacuum 
0 


Magnetizing Field Intensity 


or free space. 


The magnetic induction inside an isotropic medium is 
given by B=y H+u, 
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Table 13.1 
Property Diamagnetic Paramagnetic Ferromagnetic 
Cause of magnetism Orbital motion of electrons Spin motion of electrons Formation of domains 
Behaviour in an external Feebly repelled Feebly attracted Strongly attracted 
Magnetic field | 
N||N_ S|) S N |S NI S N |S _ NIS 

State of magnetisation That is, weakly magnetised Weakly magnetised in Strongly magnetised in 

in the opposite direction to the same direction. as the the same direction as the 

applied magnetic field applied field applied field 
Alignment of a freely 


suspended material 


p so N rane N Zs 


Aligns at right angle to the Aligns in the direction of Aligns in the direction of 
field field field 


Liquid or powder 


in a watch glass 


Weak field 


Strong field Strong field Strong field 


N] [s_ N]| [s— 


Level depressed in that limb Level slightly rises Level rises in that limb 


Gas placed in magnetic Expands at right angle to to Expands in the direction of Expands in the direction of 


field the field the field the field 
Magnetic induction B<B, B>B, BS > 5, 
susceptibility x<0 x=0 x >> 0 (10? — 10°) 


(x) (negative) (positive but low) (positive and high) 
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Property 


Relative permeability y, 


Magnetising vector (J) 


I-H curve 


Magnetic Dipole 
Moment (M) 


x —T curve 


Examples 
Nature of effect 


I 
= u H AET 


=u H (1+ x) 


Susceptibility 


(1) x=5 


Diamagnetic 


x does not depend upon 


temperature 


u,<l 


In opposite direction to 


H, has a very low value 


I 


Very low and in opposite 


direction to H 


XN 


Cu, Ag, Au, Zn, Bi, Sb, 
NaCl, HO, air, Ne, He 


Distortion 


m=1+ 4% thusB=u,u,H =u, HH 


where u =p pis permeability of the medium and 


u 
H, = 
0 
medium. 


=~ = 1+ Ž is relative permeability of the 


Bo 
In vacuum or free space H = — and B, = yni 


H=ni 


0 
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Paramagnetic Ferromagnetic 
| _ C 
X oC — or X = — X — 
T T P= i 
ü, >d >> 1 (10% 10?) 


In the direction of H, In the direction of H, 


has a low value has a very high value 


i I 


Very low but in the High in the direction of 


direction of H H 


X x 


Al, Mn, Pt, Na, CuCl, 


O, and crown glass 


Fe, Co, Ni, Gd, Fe,O, 


Orientation Hysteresis 


Note that magnetic susceptibility has no physical 
relationship to electrical susceptibility. 


Curie Law As the temperature rises the randomness of 
individual atomic magnetic moments increases. Therefore 
susceptibility of paramagnetic substances is inversely 
proportional to temperature. 


C 
X cl/Tor% = T` C is called Curie’s constant. 


Ferromagnetic substances when heated beyond Curie 
temperature become paramagnetic. Thus for ferromagnetic 


substances y = 


where T, is Curie temperature. 


C 
Curie temperature for Fe, Co, Ni and Gadonium (Gd) 
are respectively 770°C, 1121°C, 358°C and 44°C. 
CGS unit of B is Gauss (G) 1G = 10T. CGS unit of 
H is Oersted. 
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10 10 
1 Oersted = — 


= ——— Am = 80 Am” 
My, 4uxlo 


Neel’s temperature (T,) is that temperature at which an 
antiferromagnetic substance becomes paramagnetic. 


Borl 


A 


Fig. 13.34 Hysteresis curve of a ferromagnetic material 


Hysteresis Fig. 13.34 shows hysteresis curve. Area under 
hysteresis curve gives loss of energy per cycle. Hysteresis 
stands for not following original curve when conditions are 
reversed. 


Magnetic Saturation The state of magnetic materialin 
which value of I or B becomes maximum. 


Retentivity When applied magnetising field is removed, 
the magnetism B or I that remains in the material is called 
retentivity or remnent magnetism. In the Fig. 13.37 OX = 
OU is retentivity. 


Coercive force orcoercivity The magnetising force 
or H applied in negative direction to make retentivity 
zero is called coercivity. In Fig. 13.34 OY = OV is 
coercivity. 


To make permanent magnets Alnico cunife (Cu + Ni + Fe) 
cunico (Cu + Ni + Co) and carbon steel are used. Alnico 1s 
an alloy of Fe, Al, Ni and. Co. Their coercivity is high and 
retentivity is relatively low (otherwise high). 


Electromagnets are made from materials whose retentivity 
is high and coercivity is low, For example, soft iron. Such 
materials are also used to make core of transformers, motors, 
dynamo and so on. 4% Si is added in soft iron core to further 
reduce the coercivity. For transformer core permalloy is 
preferred. For high frequency transformers u-metals or radio 
metals are used to make core. 


Short Cuts and Points to Note 


1. Cyclotron is normally used to accelerate positively 
charged particles though it can accelerate negatively 
charged particles except electrons. Electrons are 
accelerated using betatron. 
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2. The principle of mass spectrometer (to measure 


or 


mass of atoms/molecules) is same as that of 
cyclotron. 


m r 
Here — = — 


Mm, 7; 


assuming they were monovalent/ 


divalent/ trivalent ions and enter the magnetic field 
with same velocity. Note that discovery of isotopes 
was made using mass spectrometer. 


. F =q(vxB) 


dF =i (dlx B ) represent Ampere’s force. 


. Magnetic flux = f Bas is scalar 


5. Acylindrical coil or a circular coil carrying current 


behaves like a bar magnet. A clockwise current 
generates S-pole and an anti-clockwise current will 
generate N-pole. 


we 


Direction of magnetic field illustration 


. Magnetic field lines make closed loop. Unlike 


electric field, lines representing monopole cannot 
exist. 


Cae 


. When current passes through a spring it shrinks as 


all the rings in it carry current in the same direction 
and are attracted towards one another. 


. Momentum of a charged particle in a cyclotron 


p = Bgr = \{2(KE)m where KE is kinetic energy 


of the particle. 


. In cyclotron when KE and magnetic fields for two 


charged particles are equal then, 
id [m 
K GQ yi 
If only magnetic field is same for the two charged 
E L 


, m, (KE, ) 
particles then — =— |———_— 
KR q, VM, (KE, ) 
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10. 


11. 


12. 


13. 


where KE and KE, are kinetic energies for the two 
particles respectively. 


No magnetic field occurs on a point P on the current 
carrying conductor or an any point Sor R which lie 
on the extended part of the conductor as shown in 
the Figure 


I 
----@----—______e—__--- -- -#--- 
S P R 


i.e., B, = B,=B,=0 

Magnetic field intensity at the centre of a loop 
made with a uniform cross-section wire and 
uniform density is zero irrespective of its shape 
provided current enters from a point and leaves 
from another point on the conductor as shown in 
the Figure. 


If magnetic field and electric field are perpendicular 
to each other and a charged particle enters 
perpendicular to both electric and magnetic fields, 
if charged particle goes undeviated then, 


E 
E=Bvorv= — 
B 


Magnetic field intensity in a thick current-carrying 
conductor at any point x < r (inside the conductor) 
as illustrated in the Figure. 


Hylx 
inside > 2 T r, 


forx<r 


14. 


15; 


16. 


17, 


18. 
19. 


3.13] 


kol 

B ince = nx forx=r 
Hol 

ee forx>r 
outside Ix 


While finding magnetic force on the curved part of 
a conductor use displacement as length and then F 
= IIB is valid where | is displacement between the 
extreme points of a curved part. For instance in the 
Figure the force due to curved part is 2 IRB as |= 
2R is displacement. 


| 1 FR 


@B 


Under the action of magnetic field alone, speed or 
KE of the charged particle remains unchanged. 


Cyclotron principle can be used to detect leak in 
high vacuum system. For this purpose Het ions are 
used. A very small magnetic field is required which 
makes the leak detector a compact device. 


Magnetic dipole moment M = JA. While finding 
torque on a coil carrying current due to a dipole 
if the (angle) is given between area vector A and 
magnetic field B (Area vector is normal to the plane 
of the surface of coil) then t = JAB sin @. If angle 
between plane of the coil and magnetic field is 
known then t = JAB cos 0. 


Potential energy U = [zd 0 = -IAB cos 0=-M.B. 


Note that in parallel conductors carrying current 


dF fll, 
you have — = ——. 
dl 2nd 


To find force, multiply with the length or integrate 
appropriately. 

If the case is as shown in the Figure where the 
magnetic field varies at every point, assume an 
element. Find force on the element and then 
integrate. 


I 
I Loh — H 
dx 
d x — 


20. 


F =q4(yxB), 


dF =I(dlxB) 
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21. 


22: 


23. 


24. 


29% 


26. 
Zi. 


For a straight conductor F = H x B integrate 
otherwise. 


> E.d] =0 because force is conservative but > B.dl 


+ 0. Rather $ B.dl = pf as B.dl is not related to 


work. Moreover, the current is enclosed in the loop. 
A moving charge produces both electric and 
magnetic field B= ha Aa 

4ar 
A stationary charge produces only electric field. 


The magnetic field due to a short solenoid is 
illustrated in the Figure. 


Note that magnetic field is nearly half the value at 
the centre. ris radius of the coil. 


a> 
2 
ARNES 


<a 


AEE 
me, 


G 


The following Figure illustrates the method of 
retaining ionised gas particles having temperature 
~10°K which would vaporise any material container. 
Such a system is termed as magnetic bottle. 


SNOW rule can be applied if a current carrying 
conductor is placed over compass needle. 


Magnetic pole strength œ A (area of cross-section). 


Magnetic field intensity due to a magnetic pole of 
pole strength m at a distance d from it is given by 


um š 
B= dnd 2 SI system and 


B= Pa in CGS system. 


28. 


29; 


30. 


31. 


32. 


33. 


34. 


J3: 


36. 


Magnetic Effectsof Current | 


Magnetic field intensity at any point due to a 
magnetic dipole of moment M due to a short 
magnet is 


M 
B= ia V3cos’@+1 and 


_ tané 


tan B 
Magnetic field intensity due to a bar magnet along 


axial line is 


2 Mx 
B= ba(da? —Py 9 


uM 
B= y due to a short magnet. 
4nd 


Magnetic field intensity due to a bar magnet along 
equatorial line is 


HM 
3/2 and 


B= Zaid? +0) 

_ BM 
4nd’ 
Torque experienced by a magnet suspended in a 
uniform magnetic field B 


B 


due to a short magnet. 


tT=MxB = MB sin 8 


8 


Work done w=fr -0 = MB (1 — cos0) 


0 


Potential energy U =— MB and 
change in PE = Work done. Thus, 
W=AU=U (6,)-U(@,) 

= MB (cos@, — cos @,) 


If a magnetic dipole is suspended in two mutually 
perpendicular magnetic fields then it orients itself 
making an angle @ with the horizontal magnetic 
field B,. Then B = B, tan @ and is called tangent 
law. Here B is magnetic field perpendicular 
to B, 

If two magnets of dipole moment M, and M, are 
perpendicular then their resultant 1s 


M „= (JM? +M? 


If M, =M, then M, 
= V2 M. 


Magnetic motive force 


F = $H-di =$ B-dl = i where 
0 
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Si is the total current enclosed in the loop. Unit 


of F is ampere turns. 


37. Ampere circuital law 


38. 


39. 


40. 


ÈB-di=u, Xi =y, +1,-1) 


In a tangent galvanometer I = k tan 0 where 
p= 2B,Y 
H” 
is the reduction factor. Sensitivity of the tangent 
galvanometer is maximum when @ = 45° 


Note: At 0 = 45° , k= T. The unit of reduction factor 
is current. 


In deflection magnetometer in tan A position 
By, tan@, 


B, tan, ane 


M, _ d,(d; -17 ) 
M, d(d;-}y 
d, (di -l ) 

~~ d(d; -l,) 


2 


i M, d, 
If dipoles are short then Tis =| = 


7 M d? a 23/2 
In tan B position — = vevas 
M, (a; +3)" 


3 
For short dipoles “A =5 2 


2 


The cause of magnetism is elementary dipole 1.e. 
orbital angular and spin angular momentum. 


E Le-a ae 
M =-— L=-n 
2m 4am 


=s- [L+2s]andM_ =g (=) J where 
2m Gi 2m 


g= İG +D +s(s+1)-i0 +1) For pure orbital 


2j +D 
motion s = 0, j = l and g = 1. For pure spin motion 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


1315 


1=0,j=sand g=2.j= |l-s| if shell is less than 
half filled, and, j = 2 + s| if shell is more than half 
filled. 


I 


In a vibration magnetometer T = 2z; ifa 
MB, 


magnet is brought closer or a current carrying wire 

is brought closer such that the magnetic field is B’ 
. I 

due to either of them. Then T = 2z M(B, +B) 


depending upon the direction. 


M, T+; 


a E7 where 
2 2 1 


T, and T, are time periods in sum and difference 
positions. 


At pole total intensity 1s 0.66 Oersted and at equator 
it is 0.33 Oersted Fae 2 I anor Total intensity Z 


equator 
of the earth’s field is given by J=I, J] +3sin? A 
where / is latitude. Thus at equator å = 0 and 7 = I% 


at poles 4 = 90° [= 21, 

Note that in a limited region, the magnetic field 
lines due to earth’s dipole are parallel. Hence we 
may consider the magnetic field of earth at a place 
to be uniform. 


In order to shield a region from magnetic field, 
surround it in a hollow soft iron box. 


If 5’ is apparent dip at a place when dip circle 
is inclined at 8 with the magnetic meridian then 
true dip 6 is given by tan ô = tan §'cos@. If 0 
is unknown then, rotate the dip circle by 90° after 
noting §’ and read new apparent dip 6" then 
cot? =cot? 5’ cot? 5" 


0, ô and B, are magnetic elements of earth. They 
can be used to find the location of a place during 
aviation or navigation. 


> B-ds = 9 rejects the possibility of monopole 
existing in magnetism. 


Precession frequency or Larmor’s frequency 


Oe 
- Im 
H e. re 
—= = —— is called gyromagnetic ratio. 
L 2m 


e. , 
Ll eae is twice the 


m 


Spin gyromagnetic ratio 


orbital gyromagnetic ratio. 


Splitting in Zeeman effect occurs in the magnetic 
field as the electron shift /= 0 to Z = +1 etc. giving 
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50. 
51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


Do: 


60. 


61. 


62. 


AE (between splitted lines) = 2u B where yp, is Bohr 
magneton. 

E = uB ml where 

ml = |- (n— 1), —-(n-2), -0, -(n-2), M@—- 1)] 
Magnetic pole strength œ A (area of cross-section). 
Atomic dipole moment is due to orbital and spin 


motion of electron. The unit of atomic dipole 
moment is Bohr magneton. lu, = 9.3 x 10 J/T 


The precession of electron in applied magnetic field 
causes Zeeman splitting. The energy difference 
between splitted lines is 2, œ, or uB. 


In vacuum H = — and in a medium H =— 
0 m 


where u =uu, andy, =1+ % and ¥ = 


H 
Thus y =u, (+7). 
Mutual interaction force between two small magnets 
, , HOM M, 
of magnetic moments M and M, is F = ae 
mr 


Domains in ferromagnets have dimensions ~ 10°m. 
Each domain contains 10” — 10” atoms whose spins 
are aligned. When external magnetic field is applied 
either domains get aligned or domain boundaries 
grow. 


The susceptibility for ferromagnets is quite high ~ 
107 to 10° X . For paramagnets it lies between 0 and 
1(0< X <1). For diamagnets it is negative i.e. 


x <0 but close to zero. 


u for ferromagnets ~ 10? to. 10° 
ufor paramagnets> | and 1.0000 < pw, < 1.003 
ufor diamagnets.< | and .99990 < p< .99999 


If T> T, (Cure temperature) ferromagnets become 
paramagnetic. 


At Neel’s temperature anti-ferromagnetic substance 
become paramagnetic. 


A bar magnet attracts very strongly ferromagnets at 
poles but at the centre of the bar magnet attraction 
is nearly zero. 


The tip of an alpin always acts like a magnet 
because 1t contains a single domain which 1s always 
aligned. 


Materials suitable for permanent magnets shall 
possess high retentivity and high coercivity. 
Materials showing high retentivity and low 
coercivity are suitable for electromagnets, cores of 
motors, transformers etc. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 
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For high frequency transformers used in radio, TV 
etc. y-metal, radio metal or ferrites are used. 


Super conductors are perfect diamagnets. They 
show Miessner effect. If superconductors are 
subjected to a magnetic field strength > critical field 
strength they become normal conductors. 


Precessing frequency of proton in a magnetic field is 


MB MB l nan 
@,=—— orf =——— where M is magnetic dipole 
L P  2aL 


moment and L is quantised spin angular momentum. 


Change in magnetic moment of a circulating 
electron if placed in a magnetic field of strength B 
iS 

1 í eB ) e'r’ B 
AM =— er^o| z= Aw 

Z 2m 4m 
Magnetic dipole moment M = NiA and M = ef ar’ 
for an electron. 


Slator’s law If A and B are two neighbouring 
atoms in its lattice, r is the radius of atom and 
r,, Separation between two atoms (interatomic 


distance) Then a substance 1s ferromagnetic 


if 48 > 3 
r 


G) e 


Slator’s rule illustration 


2 
In paramagnets y = HoN Hs ; 


kT 


This suggests % œ - 


The law of nature is diamagnetism. Pauli’ s exclusion 
principle and Fermi-Dirac statistics are based 
on it. 


Ferromagnetism and anti-ferromagnetism can 
be understood by two sublattice model. The two 
sublattices have their spins oriented opposite to one 
another like the teeth of two combs fastened in each 
other as illustrated in the Figure. 


A 
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(a) Ferromagnetic substances are ferrites. Their net spin 2. 


decreases. 


A 


B 


(b) Examples of anti-ferromagnetic substances: Mn F,, 
MnO, FeO, CoO, NiO, MnTe, MnS, Cr,O,. 


3. 
Their net spin = 0 
4. 
go Meel s temp R 5. 
Ty 
71. NMR (Nuclear magnetic resonance) is the = 
analog of electron paramagnetic resonance @, = 
(g,e/2M, )B, where m is mass of proton and œ, 
is resonant frequency. 
72. FMR (Ferromagnetic resonance) is analogous 
to the spin resonance and is the basis of many 
microwave devices. The larmor or resonant 
frequency is 
6. 
Hy 8 i l 
w, = Om (H — 1.) where H, is applied external 
m 
field and J. 1s the saturation magnetisation. = 
73. The dynamic aspect of spin motion in a ferromagnet 
is spin waves. They represent collective 
excitations in spin systems. Exchange interaction 
is responsible for spin wave. Spin waves carry 7. 


both energy and momentum. As the temperature 
is increased, energy 1s absorbed by the excitations 
of the spin waves, and the magnetisation also 
decreases. 


74. Magnetic tapes and films are made of FeCoNi, 
Gd, Fe, O,, and CrO.. 


Caution 

1. Considering physical length of the conductor to be 
taken as length of the conductor in 
F= [idl xB 


= Shortest distance between the end points be taken 
as the length. 
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Considering magnetic field exists on a (thin) current- 
carrying conductor or on its extended part. 


Magnetic field does not exist on the conductor or on 
its extended part. Thus magnetic field at A, P and X 
is Zero. 


. I 
----@- - - -—— e- ----e--- 
A P X 
ABC 


Considering > B.dl = 0 on the lines of È E.dl =0 


Note that È E.dl = O because it represents work 


done in conservative force. $ B.dl does not define 
work and hence > B.dl =u! 


Confusing work is done by magnetic force. 


Magnetic force only changes direction. Work done 
is zero. Hence speed and KE do not change. 


Considering magnetic field to be zero only along 
the axis of a hollow cylindrical conductor carrying 
current. 


Magnetic field is zero at all points inside a current- 
carrying hollow cylindrical conductor. However, 
magnetic field is zero along the axis of a solid 
cylindrical conductor carrying current. 


B sae (Solid cylinder) 


Ltx 
— Qar? 


While finding direction of force with moving 
charged particle and applying Fleming’s left hand 
rule. 


We can apply Fleming’s left hand rule if we take into 
account the appropriate direction of current a +ve or 
a—ve charge will form during motion. Conventional 
current direction be taken. 


Not considering perpendicular distance due to 
straight conductor while finding magnetic field. 
For example as in the Figure taking perpendicular 
distance r for AB. 


`~ - 
as es ad 


= Take perpendicular distance rcosa 1f 2a is the angle 


made by AB at the centre. 
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8. 


> 


then 


10. 


11. 


12. 


Considering no force will act on current-carrying 
conductors placed transverse to a long current- 
carrying conductor as shown in the Figure. 


In such a case magnetic field at every point will 
vary, therefore take an element dy at a distance y 


x+l 


TI," d TI 
ee a 
2m $ y 27 


x+l 
log, —— 


Considering magnetic moment M shall depend upon 
the shape of the current-carrying conductor. 


Magnetic moment M = JA or nfA is independent of 
the shape of the conductor if their areas are equal 
and number of turns are also equal. 


Considering that if plane of a coil is parallel to the 
magnetic field the net force acting on the coil 1s zero. 


If the magnetic field 1s uniform the statement is 
correct. If magnetic field 1s not uniform then both 
torque and a net force are present. 


Considering magnetic field is zero at the centre of 
a loop if current enters from a point and leaves at 
the other. 


This statement is true if the loop is made with a 
single wire of same material of uniform cross- 
section and uniform density. If however joining 
parts X1Y and X2Y are of different materials or one 
of them is thinner than the other (though they are of 
the same material), then magnetic field is non-zero 
at the centre. 


Mfr’ l 
z can be applied any- 


Considering B = 
2 (r +x’ ) í 


where inside the coil. 


13. 


14, 


15. 


16. 


17, 


18. 
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T 2 
pee 
2 
2 HM 
=m y 
4a( +x) 


can be applied along the axis only. 


Considering that when a magnet is cut pole strength 
does not vary. 


If a magnet is cut in a vertical plane as shown in the 
Figure (a) then pole strength does not vary. However 
if we cut the magnet along the horizontal plane as 
shown in the Figure (b) then pole strength varies 
1.e., pole strength a A 


Considering there is no difference between magnetic 
length and physical length of a magnet. 


Since poles lie slightly inside, magnetic length is 
less than physical length (Magnetic length Laag. = 
0.841 


PE 
Assuming that dip circle reads angle of dip (true) 
in any orientation. 


It reads true angle of dip only 1f dip circle is set into 
magnetic meridian. Otherwise true dip 1s given by 
D= tan ĝ=tan d' cos@ or cot?ô = cot? 6’ + cot? ô” 
Considering magnetic intensity of earth is equal 
everywhere. 

Magnetic intensity changes with latitudes. It is 
maximum at poles (0.66 Oersted) and minimum at 


magnetic equator (0.33 Oersted). J=J, 4 hh +3sin2 2 
where À is latitude. 


Considering in a vibration magnetometer 


a, |» | Where 

M 2 T, 

T, and T, are time periods in sum and difference 
positions respectively. 


M, T+T? 


M, g T; -T7 


Not understanding tan A and tan B settings of 
deflection magnetometer. 
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> 


19, 


20. 


21. 


Lz. 


23. 


24. 


2), 


In tan A position magnetic needle points N-S and 
pointer and arms point E-W and pointer coincides 
with zero-zero. 


In tan B magnetic needle and arms point N-S, pointer 
E-W and coincides with zero-zero. 


Assuming contribution of orbital angular momentum 
is greater than spin angular momentum in atomic or 
basic dipoles. 


e 
eae: aaa and 


e 

M, =- ——L However Mu = M, +t M, 
2m 

Considering reduction factor is sensitivity of the 

tangent galvanometer. 


2rBH 


Reduction factor K = while current 


Ho” 
ee d a . 
sensitivity 1s T , 1.e., deflection per unit current. 


Considering that the magnetic N—pole of the earth’s 
dipole is at geographic N—pole of the earth. 


Magnetic north pole of the earth’s dipole is in 
southern hemisphere at geographic S—pole. 


Considering magnetic field lines are like electric 
field lines. 


Electric field lines do not make a complete loop. 
Hence monopole can exist. Magnetic field lines 
make a complete loop rejecting the existence of 
monopole. 


Considering diamagnetic and anti-ferromagnetic 
substances are identical. 


In diamagnetic substances no net spin magnetisation 
occurs, for example in H,, He, Ne, Cu, Ag, Au. In 
anti-ferromagnetic substances there are two types 
of substances whose spins are oriented in opposite 
directions. The magnitude of spins are equal so 
that they cancel each other. Anti-ferromagnetic 
substances, on heating beyond Neel’s temperature 
become paramagnetic. 


Not differentiating between magnetization vector 
and magnetising field intensity. Magnetisation 


_M ml m Polestrength 
vector I =—=—=— =——"_ and 
V Al A Area 


— 


magnetising field intensity H = a I. 
ko 


Confusing magnetizing field intensity with magnetic 
induction. 


26. 


27. 


28. 


29. 


30. 


31, 


32. 
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H 1s magnetising field intensity and B is magnetic 


. B . 
induction. In vacuum — = H. In a medium 
Ho 


Confusing Curie’s temperature with Neel’s 
temperature 


At Curie temperature, a ferromagnetic substance 
changes to paramagnetic while at Neel’s temperature 
an anti-ferromagnetic substance changes to 
paramagnetic. 


Assuming that substances behave alike in strong 
and weak magnetic fields. 


Their behaviours are opposite in strong and weak 
magnetic fields. See carefully the table comparing 
the properties of ferro, para and diamagnetic 
substances. 


Assuming that magnetic induction increases in the 
medium as compared to free space in all substances. 


In para and ferromagnetic substances it increases 
while in diamagnetic substances it decreases. 


Considering there is no perfect diamagnet i.e. 
& = —1 cannot be achieved. 


Super conductors are perfect diamagnets with 
x =-l, 


Considering any ferromagnetic material may be 
suitable to make permanent magnets. 


Substances having high coercivity and high 
retentivity are suitable to form permanent 
magnets. High carbon steel, Alnico (Al + Ni + 
Fe + Co), Cunife (Cu + Ni + Fe) and Cu Nico 
(Cu + Ni + Co) are commonly used materials. 


Considering a soft iron can be used to form memory 
cores in computers. 


Now a days, Mn-Mg ferrites with nearly rectangular 
hysteresis loop are employed to make memory cores 
of computers. 


Metallic glasses are excellent ferromagnets. 
They possess high magnetic moments, very high 
permeability and zero magnetostriction. They are 
hard and corrosion resistant. They are, therefore, 
used as magnetic head recorders. 


Considering no application of paramagnetic salts. 


Paramagnetic salts are used to obtain very low 
temperature (< -—272°C) by adiabatic dema- 
gnetisation. They are also used in solid state 
MASERS. 
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PRACTICE EXERCISE 1 
(UNSOLVED) 


A 0.5 m long straight wire in which a current of 
3.2 A is flowing is kept at right angle to a uniform 
magnetic field of 2.0 Tesla. The force acting on the 
wire will be 
(a) 2N 
(c) 12N 


(b) 2.4N 
(d) 3 


The radius of each coil of a Helmholtz galvanometer 
is 0.1 m and number of turns in each is 25. When a 
current is passed in it then the deflection of magnetic 
needle observed as 45°. If the honzontal component 
of earth’s magnetic field is 0.314 x 10* Tesla then the 
value of current will be 
(a) O.14A 

(c) 0.42A 


(b) 0.28 A 
(d) 0.07A 


An electron is revolving in a circular path of radius 
2.0 x 107° m with a uniform speed of 3 x 10° m/s. 
The magnetic induction at the centre of the circular 
path will be 

(a) 0.6 Tesla 


(c) 0.12 Tesla 


(b) 1.2 Tesla 
(d) zero 


Two parallel straight conductors, in which current is 
flowing in the same direction, attract each other. The 
cause of it is 

(a) magnetic force between the two 

(b) electric force between the two 

(c) potential difference between the two 

(d) mutual induction between the two 


A rectangular loop, carrying current i, is lying near 
a long straight conductor. PQ as shown in the figure 
in such away that the wire is parallel to one of the 
sides of the loop and is in the plane of the loop. If 
constant current lis passed in the wire then the loop 
will 

(a) move towards the wire 

(b) move away from the wire 

(c) remain stationary 

(d) rotate about an axis parallel to the wire 


Q 


P 


6. The distance between two thin long straight parallel 


conducing wires is b. On passing the same current 


10. 


11. 


12. 
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i in them, the force per unit length between them 
will be 


; +2 

Mi Lyi 

b a 

a zb (0) On 
3 

(c) = (d) zero 


The wall of a straight tube of infinite length is thin. 
On passing current i through it, the value of magnetic 
induction inside the tube will be 


(ay 2! (b) 2! Ho 
r r 
(c) Z (d) Zero 


i 
A proton and an electron, with same momenta, enter a 
magnetic field in a direction at right angles to the lines 
of force. If the radii of their circular paths arc rp and 
rerespectively then the value of rp:re will be 
(a) 1:1 (b) 1:2 
(c) 2:1 (d) 4:1 


A magnetic needle placed in a non-uniform magnetic 
field experiences 

(a) only force 

(b) force and torque 

(c) only torque 

(d) neither force nor torque 


A current i is flowing in a specific wire. It is turned into 
a circular coil of one turn. Then it is turned to make a 
coil of two turns and smaller radius. Now the magnetic 
induction at the centre for same current will be 

(a) half of its previous value 

(b) one fourth of its previous value 

(c) four times of its previous value 

(d) zero 


Uniform electric and magnetic fields are directed along 
X-direction. An electron is projected in X-direction with 
a velocity v, then 

(a) magnitude of velocity of electron will increase 
(b) magnitude of velocity of electron will decrease 
(c) electron will turn towards nght 

(d) electron will turn towards left 


The force between two parallel conductors, each of 
length 50 m and distant 20 cm apart, is 1 newton. If 
the current in one conductor is double that in another 
one, then their values will respectively be 

(a) 100A and 200A (b) 50 A and 400 A 

(c) 10A and 30A (d) SAand25A 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


The magnetic induction due to a straight current- 
carrying conductor of infinite length at a distance d 
from it will be 


Hoi b) Le! 
(a) F (b) rd 
E (a) Hol 

4ad 


On applying a uniform magnetic field on a current- 
carrying coil the coil rotates in such a way that 
its plane 

(a) becomes perpendicular to magnetic field 

(b) becomes parallel to magnetic field 

(c) makes an angle of 45° with the magnetic field 
(d) makes any angle with the magnetic field 


Which of the following quantities is not affected by a 
magnetic field? 

(a) Stationary charge 

(b) Moving charge 

(c) Change in magnetic flux 

(d) Current flowing in a conductor 


The magnetic field inside a solenoid is 
(a) infinite (b) zero 
(c) uniform (d) non-uniform 


A current of 10 A is flowing in a wire of length 
1.5 m. When it is placed in a uniform magnetic field 
of 2 Tesla then a force of 15 N acts on it. The angle 
between the magnetic field and the direction of current 
flow will be 
(a) 30° 

(c) 60° 


(b) 45° 
(d) 90° 


A wire 1s lying parallel to a square coil. Same current 
is flowing in same direction in both of them. The 
magnetic induction at any point P inside the coil 
will be 


(a) zero 

(b) more than that produced by only coil 
(c) less than that produced by only coil 
(d) equal to that produced by only coil. 


If the currents in two straight current-carrying 
conductors, disatant d apart, are i, and i, respectively 
in the same direction then they will 

(a) rotate about a central axis 

(b) attract each other 

(c) repel each other 

(d) neither attract nor repel each other 


20. 


21. 


22 


23. 


25. 


26. 
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The correct curve between the magnetic induction (B) 
along the axis of a long solenoid due to current flow 1 
in it and distance x from one end is 


B 


(c) (0) 


Gauss is the unit of 
(a) B 
(c) M 


(b) H 
(d) I 


The correct expression for Lorentz force is 


(a) g[E+(BxV)] (b) qlE +V x B)] 


(c) q(V xB) (d) gE 


The correct relation between B and M for a small 
current-carrying coil is 


M UM 
(a) B= ©) B=; 
M M 
() B=% (@) B= 
mx 2mx 


A proton, a deutron and an a-particle are moving with 
same momentum in a uniform magnetic field. The ratio 
of magnetic forces acting on them will be 

(a) 1:1:2 (b) 1:2:3 

(c) 2:1:1 (d) 1:1:1 


An a- particle, a deutron and a proton are moving with 
same momentum in a uniform magnetic field. The ratio 
of their speeds will be 
(a) 1:2:4 
(c) 1:1:1 


(b) 4:2:1 
(d) 2:2:4 


The value of B, at the point of inflexion in B-x 
curve 1S 

(a) maximum 
(c) constant 


(b) positive 
(d) negative 
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27. 


28. 


29. 


30. 


31. 


32. 


33. 


The resultant force on the current loop PORS due to a 
long current-carrying conductor will be, if the current 
flow in the loop is clockwise, 


P Q 
20 
Ampere 
30A 
S R 
2cm $ 10cm? 


(b) 0.36 x103N 
(d) 0.5 x 10° N 


(a) zero 
(c) 1.8 x 10° N 


A small linear segment of an electric circuit is lying on 
x-axis extending from x = — a/2 to x = a/2 and a current 
i is flowing in it. The magnetic induction due to the 
segment at a point x = a will be 

(a) xa (b) Zero 


(c) «a? (d) P 
a 


The rays, which remain undeflected in a magnetic field, 
are 


(a) «x-rays 
(c) p-rays 


(b) -rays 
(d) positive rays. 


A current i is flowing in a straight conductor of 
length L. The magnetic induction at a point distant from 
its centre will be 


4 thi 


Hol 
a VSaL (b) JL 
(c) H (d) zero 


A current-carrying circular coil of magnetic moment 
M is situated in a magnetic field B. The work done in 
deflecting it from an angle 0° to & will be 

(a) MB (b) MB (l -— cos8) 

(c) -MB (d) MB (1 — sin) 


Same current i is flowing in two straight parallel 
conducting wires situated a distance d apart. The 
magnetic induction at the centre between two wires 
will be 


(a) zero (b) £ 
4 lhi Hoi 
(c) 7 (d) F 


A uniform magnetic field B and a uniform electric field 
E act in a common region. An electron is entering this 
region of space. The correct arrangement for it to escape 
undeviated is 
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E 
B B 
V 
m/2 
(a) n/2 b) y 
m/2 
E 
E E 
(c) - C 


34. A current of 30 amp is flowing in a conductor as 
shown in the figure. The magnetic induction at point 
O will be 


(a) 1.5 Tesla 
(c) zero 


(b) 4.71 x 10* Tesla 
(d) 0.15 Tesla 


35. A current is flowing in a hexagonal coil of side a. The 
magnetic induction at the centre of the coil will be 


1— » —» 


33 Uni Ly! 
(a) et (b) 

Na 3/324 
og (a) Lhi 

Bara mta 


36. A current1iis flowing in an octagonal coil of side a. The 
magnetic induction at the centre of the coil will be 
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37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


(a) 24i (b) 
4ra 


5/2 Mol 
la 


(c) Hol 


V5aa 


Two similar coils of radius R and number of turns N are 
lying concentrically with their planes at right angles to 


(d) V5 tpi 
2H a 


each other. The currents flowing in them are J and I /3 
respectively. Then the resultant magnetic induction at 
the centre will be (in Wb/m? ). 


(a) Hy NI (b) Hy NI 
2R R 


c NE d HN 
(c) V3 (d) 5 P 
A current of 10” A is flowing in a resistance of 1000 Q. 
To measure potential difference accurately, a voltmeter 
should be used whose resistance 1s 

(a) 0Q (b) 500 Q 

(c) 1000 Q (d) >>1000 Q 


A galvanometer with resistance 100 Q gives full scale 
deflection with a current of 10 m A. The value of shunt, 
in order to convert it into an ammeter of 10 ampere 
range, will be 
(a) -10 Q 
(c) 0.1 Q 


(b) 1Q 
(d) 0.012 


An ammeter gives full scale deflection with a current 
of 1 amp. It is converted into an ammeter of range 10 
amp. The ratio of the resistance of ammeterto the shunt 
resistance used will be 
(a) 1:9 

(c) 1:11 


(b) 1:10 
(d) 9:1 


The value of shunt resistance, in order to pass 10% of 
the main current in the galvanometer of resistance 99 
Q, will be 
(a) 9.90 
(c) 11Q 


(b) 10Q 
(d) 90 


A galvanomenter with resistance 5 Q can read upto 
5 m A. If this instrument is to be used to read upto 
100 volt, then the value of resistance to be used in its 
series will be 

(a) 19.9995 Q 
(c) 1999.95 O 


(b) 199.995 Q 
(d) 19995 Q 


An ammeter of resistance 0.2 Q and range 10 m A is to 
be used to read potential difference upto 1 volt. It will 
have to be connected to 

(a) 99.8 W resistance in series 

(b) 99.8 W resistance in parallel 

(c) 0.1 W resistance in parallel 

(d) 0.1 W resistance in series 


The proper resistance to be connected in series with a 
voltmeter, in order to increase its range 10 times, will be 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 
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(a) nine times the resistance of voltmeter 
(b) ten times the resistance of voltmeter 

(c) eleven times the resistance of voltmeter 
(d) one-tenth the resistance of voltmeter 


The resistance required to be connected in parallel to an 
ammeter in order to increase its range 10 times, will be 
(a) one-tenth the resistance of ammeter 

(b) nine times the resistance of ammeter 

(c) ten times the resistance of ammeter 

(d) one-ninth the resistance of ammeter 


A galvanometer of resistance 501 W gives full scale 
deflection with a current of 0.5 m A. The value of 
resistance to be connected in series with it, in order to 
convert it into a voltmeter of range 10 volt, will be 
(a) 1,995 Q (b) 2,000 Q 
(c) 19,950 Q (d) 20,000 Q 
If only 1% of main current 1s to be passed through a 
galvanometer of resistance G, then the value of shunt 
resistance will be 

G G 


al b = 
2 50 = 49 
G 
= d) 99 G 
(c) 59 (d) 


Acurrent of 107 ampere produces 50 division deflection 
in a galvanometer. Then its figure of merit will be 

(a) 10% amp/div (b) 10° amp/div 

(c) 10° amp/div (d) 2 x 10° amp/div 


A voltmeter of 1000 Q can read potential difference of 
1.5 volt. What resistance will have to be connected in 
series with it, in order to measure potential difference 
upto 6 volt with the help of this voltmeter? 

(a) 3000 Q (b) 500 Q 

(c) 1,000 Q (d) 10,000 Q 


The figures of merit of two galvanometers, whose 
resistances are 100 Q and 20 Q respectively, are 
1 x 10 amp/div and 2’ 10” amp/div respectively. The 
galvanometer, whose voltage sensitivity 1s more, 1s 
(a) nothing can be predicted (b) second 

(c) both (d) first. 


A resistance of 900 © is connected in series with 
a galvanometer of resistance 100 Q. A potential 
difference of 1 volt produces 300 division deflection 
in the galvanometer. The value of figure of merit 
will be 

(a) 10°A/div 
(c) 104 A/div 


(b) 10° A/div 
(d) 10° A/div 


A proton, a deutron and an a-particle are accelerated 
through the same potential difference and then they 
enter a uniform normal magnetic field. If the radius of 
circular path of proton 1s 8 cm then the radius of circular 
path of deutron will be 
(a) 11.31 cm 

(c) 5cm 


(b) 22 cm 
(d)2.5 cm 
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53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


A proton and an a-particle enter a uniform magnetic field 
at right angles to it with same velocity. The time period 
of a particle as compared to that of proton, will be 

(a) four times (b) two times 

(c) half (d) one-fourth 


A charged particle with charge q is moving in a 
uniform magnetic field. If this particle makes any 
angle with the magnetic field then its path will be 

(a) circular (b) straight line 

(c) helical (d) parabolic 


A proton is moving with a velocity of 3 x 10’ m/s in 
the direction of a uniform magnetic field of 0.5 Tesla. 
The force acting on proton is 

(a) 2N (b) 4N 

(c) 6N (d) zero 


The work done by a normal magnetic field in revolving 
a charged particle q in a circular path will be 

(a) zero (b) MB (l-cos@) 

(c) MB (d) -MB 


An electron is moving vertically downwards at any 
place. The direction of magnetic force acting on it 
due to horizontal component of earth’s magnetic field 
will be 

(a) towards east 
(c) towards north 


(b) towards west 
(d) towards south 


A positive charge is moving towards an observer. The 
direction of magnetic induction will be 

(a) clockwise (b) anticlockwise 

(c) towards right (d) towards left 


Two parallel wires P and Q carry electric currents of 10 
A and 2 A respectively in mutually opposite directions. 
The distance between the wires is 10 cm. If the wire 
P is of infinite length and wire Q is 2 m long, then the 
force acting Q will be 
(a) 4xl0°N 

(c) 4x 10°N 


(b) 8x 10°N 
(d) ON 


A proton with kinetic energy 8 eV is moving in a 
uniform magnetic field. The kinetic energy of a deutron 
moving in the same path in the same magnetic field 
will be 

(a) 2eV 
(c) 6eV 


(b) 4eV 
(d) 8eV 


Two wires carry currents of 100 A and 200 A 
respectively and they repel each other with a force of 
0.4 N/m. The distance between them will be 

(a) 1m (b) 1cm 

(c) 50 cm (d) 25 cm 


A current of 2 A is flowing in a wire of length 50 cm. 
If this wire is lying in a uniform magnetic field of 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


>. 
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5 x 10*N/A—m making an angle of 60° with the field, 
then the force acting on the wire will be 

(a) 4.33 x 1O7N (b) 4N 

(c) 4 dyne (d) Zero 

In the following figure, three paths of a particle crossing 
a nucleus N are shown. The correct path is 


X N 
(b) 
ooo y 
(c) 


(b) aand b 
(d) only a 


(a) aandc 
(c) a, b, and c 


The ratio of magnetic force (Fm) and electric force (Fe) 
acting on a moving charge is 


@) [a o |Z 
V C 


A charge of 0.04 coulomb is moving in a magnetic 
field of 0.02 Tesla with a velocity 10m/s in a direction 
making an angle 30° with the direction of field. The 
force acting on it will be 
(a) 4x 10° N 

(c) zero 


(b) 2x 103N 
(d) 8 x10°N 


An electron is moving in a perpendicular magnetic field 
of strength 4 x 10° Tesla with a velocity of 4 x 10’ 
m/s. The radius of electron path will be 

(a) 0.056 m (b) 0.056 m 

(c) 56m (d) 5.6m 


The magnetic moment of an electron with orbital 
angular momentum J will be 


— 


(a) eJ (b) eJ 
m 2m 

(c) zal (d) zero 
eJ 


The correct statement about magnetic moment 1s: 
(a) Itis a vector quantity. 

(b) Its unit is amp-m’. 

(c) Its dimensions are AL’. 

(d) All of the above. 


The use of Helmholtz coils is to produce 

(a) uniform magnetic field 

(b) non-uniform magnetic field 

(c) varying magnetic field 

(d) zero magnetic field. 

The magnetic induction due to a straight current- 


carrying conductor of infinite length at a distance r 
from it proportional to 
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(a) i`” (b) i 76. The ratio of magnetic induction due to a bar magnet on 
(c) i” (d) i? its axial point and equatorial point will be 
1:1 b) 1:2 
71. Ifa load is suspended from a spring and a direct current r 2.1 i 1:4 
is passed through it then the spring gets l l 
(a) stretched 77. Two insulated wires of infinite length are lying mutually 
(b) compressed at right angles to each other as shown in the figure. 
(c) sometimes stretched and sometimes compressed Current of 2 A and 1.5 A respectively are flowing 
(d) neither stretched nor compressed in them. The value of magnetic induction at point 
P will be 
72. The correct expression for Ampere’s law is 
, 1 
(a) PBdl= Xi (b) $Bdl=— 
$ fea- 
, D 
(c) PBal= uži @) $Bdl=— 
Hy 


73. The magnitude of magnetic induction for a current- 
carrying toroid of uniform cross-section 1s 
(a) uniform over the whole cross-section 
(b) maximum on the outer edge 
(c) maximum on the inner edge 
(d) maximum at the centre of cross-section 


(a) 2 x 10° N/A-m (b) 2 x 10° N/A-m 
74. Ifa positively charged particle is moving as shown in (c) Zero (d) 2 x 10° N/A-m 
the figure, then it will get deflected due to magnetic , 
a ee 8. Two current-carrying parallel conductors are shown in 
the figure. The magnitude and nature of force acting 
y between them per unit length will be 
B 
4 Ampere 4 Ampere 
q—— 0 ¥ X 
10 cm 
(a) +x direction (b) +y direction 
(b) —x direction (d) +z direction 
75. A current-carrying doop lying in a magnetic field (a) 8 x 108 N/m, attractive 
behaves like a (b) 3.2 x 10° N/m, repulsive 
(a) magnetic dipole (b) magnetic pole (c) 3.2 x 10° N/m, attractive 
(b) magnetic material (d) non-magnetic material (d) 8 x 10° N/m, repulsive 
Answers to Practice Exercise 1 
1. (c) 2, (a) 3. (b) 4. (a) 5. (a) 6. (0) 7. (d) 
8. (a) 9. (b) 10. (c) 11. (b) 12. (a) 13. (b) 14. (a) 
15. (a) 16. (c) 17. (a) 18. (b) 19. (b) 20. (a) 21. (a) 
22. (b) 23. (a) 24. (0) 25. (a) 26. (o0) 27. (a) 28. (b) 
29. (c) 30. (a) 31. (b) 32. (a) 33. (a) 34. (b) 35. (d) 
36. (a) 37. (b) 38. (d) 39. (0) 40. (d) 41. (0) 42. (d) 
43. (a) 44. (a) 45. (d) 46. (0) 47. (c) 48. (d) 49. (a) 
50. (d) 51. (d) 52, (a) 53. (b) 54, (c) 55, (d) 56. (a) 
57. (b) 58. (b) 59, (b) 60. (b) 61. (b) 62. (a) 63. (a) 
64. (a) 65. (a) 66. (b) 67. (b) 68. (d) 69. (a) 70. (b) 
71. (b) 72. (0) 73. (a) 74. (d) 75. (a) 76. (o0) 77. (b) 
(c) 


O 
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PRACTICE EXERCISE 2 
(SOLVED) 


1. A magnetic needle is kept in a non-uniform magnetic 
field. It experiences 
(a) neither a force nor a torque 
(b) a torque but not a force 
(c) aforce but not a torque 
(d) a force and a torque. 
[AIEEE 2005] 


Solution (d) 


2. A charged particle of mass m and charge q travels on 
a circular path of radius r that is perpendicular to the 
magnetic field B. The time taken by the particle to 
complete one revolution 1s 


2 2am 

(a) 27q B b) 421 
p B 

2am 27qB 

(o) (d) 4712 
qB m 


Solution (c) 


3. Two concentric coils each of radius 27 cm are placed at 
right angles to each other. 3A and 4A are the currents 
flowing in them respectively. Find magnetic induction 
in Wb/m? at the centre of the coils. 


[AIEEE 2005] 
(a) 105 (b) 12x 10° 
(c) 7x 10° (d) 5x 10° 
Mt 
Solution (d)B = ae 


Since the two coils are perpendicular,.so are the 
magnetic inductions. 


e B a7 VBI +B; sE Vi HE 
r 


Ag x107 
= ———-/3? +4 = 5 x 105 Wb/m? 
2(2x x107) 3 


4. Two thin long, parallel wires separated by a distance d 
carry a current i each in the same direction. They will 


2 
(a) repel each other with a force Po! 
T 
2 
(b) attract each other with a force (ana 
2nd 
.2 
(c) repel each other with a force Pot - 
2ad 
2 
(d) attract each other with a force 0 
2nd* 
[AIEEE 2005] 


dF pll, bi 

dl 2azd 2nd 

Since currents are in same direction they attract each 
other. 


Solution (b) 
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5. A uniform electric field and a uniform magnetic field 
are acting along the same direction in a certain region. 
If an electron is projected along the direction of the 
fields with a certain velocity then 
(a) its velocity will increase 
(b) its velocity will decrease 
(c) it will turn towards left of its motion 
(d) it will turn towards right of its motion 
[AIEEE 2005] 


Solution (b) Since F=q[E +(vx B) 
Fin = Wy X B)=O0as y and B are parallel 


Since electron 1s moving along the field, force gE is 
repulsive and hence it will slow down. 


6. The Figure shows an infinitely long current-carrying 
wire out of the plane of paper (shown by (+)). A current 
carrying loop ABCD is placed as shown. The loop 


(a) experiences no net force 
(b) experiences no torque 
(c) turns clockwise as seen by an observer at @) 
position 
(d) turns anticlockwise as seen by an observer at () 
position 
[IIT 2006] 


Solution (a). (c) Magnetic force due to AB and CD is zero 
(° 0 =0° or 180°). Magnetic force on BC is upward and on 
DA is downward. These two forces will tilt loop in clockwise 
direction when seen from (*) position. 


7. A very long straight wire carries a current 7. At the 
instant when a charge +Q at point P has velocity ,, , as 
shown in Figure, the force on charge is 


[CBSE 2005] 


+Q 
Py 
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(a) along oy 
(c) along ox 


(b) opposite to oy 
(d) opposite to ox 


Solution (a) The magnetic field at P is inwards due to a 
straight long conductor. Fleming’s left hand rule gives the 
direction along oy. 


8. An electron moves in a circular orbit with a uniform 
speed v. It produces a magnetic field B at the centre of 
the circle. The radius of the circle 1s proportional to 


B 
(a) J— 
v 
v 
C te 
(c) = 
[CBSE 2005] 

Solution (d r= = as ” is constant .. ra 

qB q 


9. A circular loop of wire 4 cm in radius carries a current 
of 80 A. Find the energy density at the centre of the 


loop. 
(a) zJ/m? (b) 2r J/m? 
(c) 0.lz Jm? (d) 0.22 Jm” 


B? 


i 
Solution (© 2= ~ and energy density u = 2m, 


-Mi Mt 
4r’ (2i) 8r 

_ 4mx10” x (80) 

E 8(4x107) 

= 0.27 = 0.628 Jm” 


_ 42x8x.8 
8x16 


10. The adjacent Figure shows lines of a field. It cannot 
represent 


(a) an electrostatic field (b) aninduced electric field 
(c) a gravitational field (d) a magnetostatic field 
[IIT 2006] 


Solution (a), (c) Electrostatic and gravitational field do 
not complete the loop. 


11. An a-—particle enters at the middle as shown in the 
Figure with 10° ms™. In which direction will it bend? 


«Q.V 


d/2 | d/2 
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(a) Towards 1 A wire 

(b) Towards 4 A wire 

(c) Upwards the plane of wires 
(d) Downwards the plane of wires 


Solution (b) 
12. A particle having mass m and charge q is released 
from the origin in a region in which electric field and 


magnetic fields are given by B = —B, j and E = E k 


. Find the speed of the particle as a function of its z 
coordinate. 


2(avB +gE 
@) |= (b) ps — 
m m 


—qvB+ E) 9E 
= o (d) |21 
m 
2qEz 
Solution (d v’ = 2az wes SOF y = a 


13. Anelectron has a speed J2 x 10° ms"at A as shown 
in the Figure. Find the direction and magnitude of 
magnetic field so that electron reaches B following a 
semicircular path. 
(a) 16x 10“T © 
(c) 3.6 x 10“T © 


y 
| 
A 


mv 
Solution (a) r=>5cm= 7p 


(b) 1.6 x 104*T® 
(d) none of these 


4— 10 an — t B 


mv 9x10" x 42x106 _ 942x10“ 
er 1.6x10°"x5x107 8 


= 1.6 x 10*T direction perpendicular inwards 
the plane of paper. 


or B= 


14. An electron in the beam of a TV picture tube is 
accelerated by a potential difference 2 kV. Then it 
passes through a transverse magnetic field to produce 
a circular arc of radius 0.18m. Find the magnetic field. 
(a) 6.38 x 10% T (b) 7.68 x 10“ T 
(c) 8.38 x 10° T (d) 8.98 x 10¢T 


mv 
Solution (¢) r= 4B 


my 2 2eVm _ aut 


or B= — = 
er 
2x10 x2x9x10>°! 10° 
or B= j— Ss = 
1.6x10°"x107 4x36 
10° 


= 8.38 x 10¢°T 


14.4 
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15. The following Figure shows a thin 50 cm long rod resting 
on two metallic supports in a uniform magnetic field of 
0.45 T. Find the maximum voltage which can be applied 
without breaking the circuit. Mass of the rod is 750 g. Take 


g = 10 ms”? 
(a) 83.3 V (b) 8.33 V 
(d) 0.833 V 


(c) 833 V 


V 
Solution (©) mg =B or mg= | JB 


mgR 3x10x25 


IB 4x5x45 >" 


or V= 


16. A wire along x-axis carries a current 3.5 A. Find the 
force on a 1 cm section of the wire exerted by 


B=0.74T j -036TK 


(a) 2.59k +1.26j (b) 1.26k -2.59 j 


(c) -2.59k-1.26j (d) -1.26k +2.59 j 


Solution (a) F=I(1xB) 
=3.5[102; x(.74j -0.36 k )] 


=(2.59k +1.26 j) x 102 


17. An electron and a /Zi nucleus enter a magnetic 
field with same velocity. Find the ratio of number of 
revolutions per second of the two. 

(a) 2.44 x 10° (b) 4.24 x 10° 
(c) 3.24 x 10° (d) 5.42 x 10° 


Solution (b) f= ce 
2am 


y 27 
fe a = m; 7x1.6x10 


f, 3e/ 3m, 3x9x107 
Mii 


27 


x 10*= 4.24 x 10° 


18. A thin uniform rod of negligible mass and length / 
is attached to the floor by a hinge P. The other end 
is connected to a spring of force constant k. Rod is 
in a uniform magnetic field B pointing inwards the 
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plane of paper. A current J is passed through the rod. 
Find the torque acting on the rod due to magnetic 
force when the rod makes an angle 53° as shown 
in the Figure. 


Il’ 
(a) IPB (b) a’ 
2 
T 31’ B © ‘ir 


Solution (b) F = x= IIB 
IP B 


1 = {dz = | Bal = 5 


19. Two long parallel wires are hung by 4 cm long 
cords from a common axis. The wires have a 
mass 0.0125 kg/m and carry equal currents in 
opposite direction. Find the current in each wire if 
the cords hang at 6° with the vertical as shown in 
the Figure (a). 


4 cm 


I 
(a) 112A (b) 22.3 A 
(c) 717A (d) 71.7 A 
TEO- 
Solution ©) 7, "P= 2n(2d) 7 0 
m Hl’ 
ME ZT cos 6° tan 6° = — 
4 4admg 


tan 6°(474sin 6°)mg x10? 
Ho 


(.1) x 42x 4x.0125x10x107 
= fe 223A 
Ax x10 
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4cm 
Ps $1 a 
i iiia d= 4 sin 6° 
mg (b) (c) 


60° = ` ee ae 
tan 6° = sın 06`“ = 180 = Q. 


20. An infinitely long wire carries a current i (see Figure). 
Find magnetic field at p. 


(a) kol (b) V2u1 
27a 4ra 
kol Hl 
c) — dy —2 2 
” 4ra s 427a 
7 Mol. . . 
Solution ©) 4=8,+8,=0+77 [sin 20 + sin 0] 
mta 
= Hol 
4ra 


21. A wire bent as shown in the Figure carries a current J. 
Find the magnetic field at P. 


3 
(a) Hol (by 2Het 
4R 2R 
UAI Lyf 
ae E d Se 
(c) 3R (d) ZR 
7% 
Solution (dq) B=B +B,+B -0+ & A +0 
: 2 2 2R | 27 
_ Hol 
8R 


22. A wire bent as shown in- the Figure is oriented along 
yz plane. Find the magnetic field at and Palong x and 
y directions. 


I I I I 
(a) aa (b) ae a 
a 2nx 4a 2n (x +a’) 
(c) Hol Hola (d) none of these 


4a 2man x +a’ 


3.29) 


I 
Solution (c) B, = ja along —x 
a 


B = O Ma) alon 
m 2axV 4a’? +4x? ee 


[use magnetic field at perpendicular bisector] 


Hla 
Bp, = `- m~~ al 
Pa QnxVa? +x’ Se 


[only contribution is from straight wire — a to + a 
along z axis] 


23. A square loop of side a is placed at a distance a away 
from a long wire carrying a current J. If the loop carries 
a current Z, as shown in the Figure (a) then the nature 
of the force and its amount is 


A D 
(a) Halils , attractive (b) Holt , attractive 
27a 4r 
(c) Holid, , repulsive (d) Holid, , repulsive 
4r 4ra 


[AFMC 1998, CEE Delhi 1997, 2000] 


Solution (b) F, and F cancel one another. F is attractive 
F, is repulsive. But F > F, 


A 
I 
I 2 
Å F; F, 
P 
Force is attractive 
Moff, Pil ds 
F = 2 (a), F, = 2 (a) 
21a 4ra 
LI 
Fantine Ana 
T 


24. The following Figure shows a circular wire of radius 
r carrying a current i. The force of compression on the 
wire is 
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(a) 2iaB 
(c) 2ziaB 


Solution (b) dF = idIB 
F= fiar B = iaB 


(b) iaB 
(d) none of these 


25. A square coil of edge / having n turns carries a current 
i. It is placed on a smooth horizontal plate A magnetic 
field B parallel to one edge is applied. The total mass 
of the coil is M. The minimum value of B for which 
the coil will tip over is 


F 
F 
M M 
(a) “8 bya 
lin 2lin 
(c) = (d). none of these 
in 


Solution (b) F= lin B+ lin B 


Mg 
Mg =2 lin B or B= —. 
2lin 


26. A particle of mass M and charge Q moving with a 


velocity Y describes a circular path of radius R when 
subjected to a uniform transverse magnetic field of 
induction B. The work done by the field when the 
particle completes one full circle is 


(a) zero (b) BQ2zR 
(c) BQV(27R) (d) = J @zR 
[AIEEE 2003] 


Solution (a) As displacement is zero. 


27. A particle of charge q = 16 x 10°'8 C moving with 
10 ms" along x-axis enters a magnetic field of induction 
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B along the y-axis and an electric field 10* Vm“ along 
negative z-direction. If the particle continues to move 
along x-axis then the strength of magnetic field 1s 
(a) 10°Wbm~ (b) 10! Wbm- 
(c) 10” Wbm”? (d) 10 Wbm” 
[AIEEE 2003] 
(d) v= - = 10" =10 
Solution (® v= 7 > |, 


B = 10? Wbm”? 


28. A conducting loop carrying a current J is placed in a 


uniform magnetic field pointing into the plane as shown 
in the Figure. The loop will have tendency to 


i‘ Y 


(a) contract 

(bř expand 

(c) move towards positive x-axis 
(d) move towards negative x-axis 


[IIT Screening 2003] 
Solution (6) Using Fleming left hand rule you find that 


the force is acting outwards. 


29. In a square loop made with a wire of uniform cross- 


section current J enters from point A and leaves from 
point B. The magnetic field strength B at the centre of 
the square is 


(a) zero (b) 
4ra 
(c) AV 2 Hol (d) W2 Hol 
4ra 4a 


Solution (a) See shortcut (3). 
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30. In the Figure shown below each battery has emf 
= 5 V. Then the magnetic field at P is 


R, R, 
E +0 oni P 
¢<——em]’——»>|+—_ em" ——» 
1044, 

(a) zero D =n 

R (4z)(.2) 

20 

(c) ak (d) none of these 


(R + R, )(.87) 
Solution (a) Because current in the loop is zero. 


31. The magnetic field strength at O due to current J in the 


Figure 1s 
ThI Sul 
(a) Ho b) = 
16R 16R 
3 
32R 32R 


Hol (3 Hix) Tol 
a) B=B +B =f [2 || =|. hot 
Solution ®© LT 2 JR =) 4R\4) 16R 


32. Two long wires carrying current are kept crossed 
(not joined at O). The locus where magnetic field is 
Zero is 
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Solution (a) Magnetic field could be zero in Ist or 3rd 


quadrant. 
Holi _ Hol, 
2ax 2nay 
x 
or l= J L; 


33. A long solenoid has magnetic field strength 
of 3.14 x 10° T inside it when a current of 5A 
passes through it. The number of turns in | m of the 
solenoid is 


(a) 1000 (b) 3000 

(c) 5000 (d) 10000 
B _ 3.14x10° 105 = 
Solution VY =I WRG" RS a 


34. A particle of mass m and charge q is projected into a 
region having a perpendicular magnetic field B. Find 
the angle of deviation as it comes out of the magnetic 
field if the width d of the region is very slightly less 


than 7 

2qB 
(a) 30° (b) 60° 
(c) 90° (d) 45° 


mvsin@ mv 


qB 7 2qB 


Solution (a) 


i.e. sin 0 = Tor 0 = 30° 


35. Two metal strips each of length / as shown are kept 
b apart and connected to a battery of emf £ through 
a resistance R. A wire of mass m lies on it. Metal 
strips are smooth but floor has coeff of friction 
u. Find how far the wire will land after leaving 
the metal strips after the switch is made ON in 
the Figure. 


| 13.32 


Magnetic Effectsof Current | 


2 2 . : 
(a) Eb°B (b) El B (a) Lhi cara Lhi Ge 
uRgm uRmg 2a R 2a R 
elbB Hol Ho 
Ee (d) none of these © r at)  @ 5 mta- tana) 
Soluti ©) I a d IIB «lB I 
c)Į= — F= Ilb and a =— = — 
ewer R m Rm Solution (a) B= 5 r (27 — 2a), 
T 
V? = 2al = 2ugx if x is the distance moved on floor 
EbBl 
or x= 
HRmg 
36. A thin disc (or dielectric) having radius r and charge q 
distributed uniformly over the disc is rotated n rotations dl 
per second about its axis. Find the magnetic field at the 
centre of the disc. 
d=Reos a 
_ Mol (sina +sin @) 
ling 4nRcosa 
ro = Lp (x-a + tana). 
""  2aæR 
38. Electrons emitted with negligible speed from an 
(a) fqn (b) Logn electron gun are accelerated through a potential 
i “>g difference V along the x-axis. These electrons emerge 
from a narrow hole into a uniform magnetic field 
(c) Hog” (d) 3H qn of strength B directed along x-axis, Some electrons 
Aa 4a emerging at slightly divergent angles as shown in the 
Figure. These paraxial electrons are refocused on the 
Solution (a) Surface charge density o = 1 ; x-axis at a distance 
mta 
Charge on the hypothetical ring = 1 z 2axdx 
ta 


q_ 4 
dl= 7 =77 =q 
F l 
Yn 
Magnetic field due to the element 


Hdl — u,2xdxqn — u,qndx 
2x a” (2x) a’ 


dB = 


Logn ça Mop ya _ Logn 
B= [dB =") de= [x], = = 


37. Find the magnetic field intensity due to a thin wire 
carrying current J in the Figure (a) 


39. 


2 27m’ mV 
= G 4 
eB eB 
4r’ mV 27m” mV 
Cc d 
(c) p? (d) T 


] 
Solution (a) KE = amv £eVormv= J2emV 


The electron will be refocussed after travelling a 
distance = pitch of helix pitch 


_ 2amV lár? x2emV _ 
qB e° B’ 


The length of conductor ab carrying current L is /. Find 
the force acting on it due to a long current carrying 
conductor as shown in the Figure (a). The mid-point 
of wire ab is distance x apart from long wire. 


8am’ mV 
eB’ 
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41. Find the force acting on the conductor carrying current. 


q | — I Q R 
— a «— | —> B — |} — 
x — ”’ 
(a) wf (21+ uR)B (b) u (21+ R)B 
(c) u21 + 2R)B (d) none of these 


90 
Solution Consider a small element dy at a distance y from Solution (c) F= E+E + J 0 2IF, cos 0 


the long conductor. Force on this element 90 
= IIB + IIB + |, 2l R dOcos 0 


= 211B + 2IRB 


dF, cos 0 dF, cos 0 


kHoldy 
2m y 


dF 
Short cut F |. = F + F + IB (displacement length of 
curved part) = JIB + JIB + IB(2R) = 2/1B + 2IRB. 


patola Hl yyy XH 
2m -i2 y 2a B. x-l/2 42. Find the magnetic field strength B of an infinite plane 
carrying a current of linear density J (same at all points). 
40. Find the magnetic field intensity at a point O. Assume [Olympaid 1994] 
linear parts to be long and the curved part has the Soluti 
radius R. onon 
B 
AAN 
n 
oe aa 
Lyf : 
Solution 2, = R along — z-axis due to horizontal part $B dl = u J(D B 2D =u Jl 
1 
unl Hy J 
B, = —— along — x-axis due to semicircular part 2 2 


2 

4 
The magnetic field intensity is horizontal and parallel 
to the plane. 


I 

B, = ro along — x-axis due to the vertical part 
T 

43. Two parallel long conductors carrying current J, and J, 


B=B,+B,+B, are shown in the Figure. Assuming magnetic field to 
a ^ ^ be positive pointing for up the plane of paper and J, = 
_ # t(-*) 4 # (~i) H ot(-i) L, which of the following graphs best represents the 


4aR 4R 4rR ` conditions? 
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(c) x (d) none of these 
mM d 


B B 
s E 
J [IIT Screening 2001] 
I 
(a) f (b) \ ( Solution (a) Use B = and keep direction in mind. 
z 
4 o> <—d—»+ 
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CHAPTER HIGHLIGHTS 


CHAPTER 


14 


Electromagnetic induction; Faraday’s law, induced emf and current; Lenz's Law, Eddy currents. Self and 


mutual inductance. 


Alternating currents, peak and rms value of alternating current/ voltage; reactance and impedance; LCR series 
circuit, resonance; Quality factor, power in AC circuits, wattless current. AC generator and transformer. 


BRIEF REVIEW 


Michael Faraday while doing experiments on magnets and 
coils showed that if a magnet is moved in or out of acoil then 
emf is induced across the coil. If the circuit is complete a current 
is induced such a current is called Induced current and the 
corresponding emf is called induced emf. Faraday formulated 
two laws. 


First Law The emf/current is induced only for the period 


when magnetic flux is varying. 


Second Law emf induced ¢ = oe where flux 
t 


Ép = [B.as. Unit of flux is weber or Tm?. 


; E ; ; 
The current in the loop = a where R is resistance of 


the loop. 


Lenz s Law The current is induced in a direction so as 


do 


to oppose the change that has induced it. Thus £ =- A ; 


Lenz’s law is based on conservation of energy. 


The emf may be induced in two different basic processes: 
(a) motional emf and (b) induced electric field. In motional 
emf coil or conductor is varied with time but magnetic field 
remains fixed. In induced electric field coil remains fixed and 
magnetic field varies with time. There could be combination 
of the two also. 


emf ¢ = QE.ai =— tes Note that to have an induced electric 
t 


field the presence of conducting loop is not necessary. As long 
as B keeps varying, the induced electric field is present. If 
the loop is present free electrons start drifting and induced 
current results. 


Note that $ E.dl +0, therefore electric field so generated 


is nonconservative and is different from electric field 
studied in electrostatics. Such an electric field is called non 
electrostatic field. The electric field lines so generated 
make closed loop like magnetic field lines. Also note that, 


however, like electrostatic field it gives force F = gE. The 
current so generated has a similarity to displacement current. 


| QE-dl = E (2nr). Thus po 
2ar | at 


hd ee pe 


If in ion 
Self inductio ht it 


x ior ġ,= Lior £=- 
If a coil has n turns, the flux through each turn is [ B.ds. If 


this flux varies then ¢ = -N Z [ B.ds. 
t 


M N’A 


L =u Al = where n is number of turns 


per unit length and N total number of turns, / length 
of the coil and A its area of cross section as shown in 
Fig. 14.1. 
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Fig. 14.1 Self inductance illustration 


L=wuy,w Al if a core having relative permeability 
uis introduced. A coil or a solenoid of thick wire having 
negligible resistance may be considered as an ideal inductor. 
Unit of self induction is Henry (H). 
ei -M a If two coils are 

dt dt 
placed close to each other and time varying current is passed 
through one (primary coil) then current is induced in the 
other (secondary coil) such a phenomenon is called mutual 
induction. M is mutual inductance of two coils having self 
inductance L, and L, (as illustrated in Fig. 14.2). 


Mutual induction £= 


i 


© 
\ 


Primary Coil Secondary Coil 


Fig. 14.2 Mutual inductance 


Then M=k,/LL, where k is coupling factor and 
k< 1. k= 1 if coils are wound one over the other. 


If N, are number of turns per unit length in primary 
coil and N, are total number of turns in secondary, then in 


Fig. 14.3 


Fig. 14.3 Mutual Inductance 


M = u n, N A = u 1,n,Al where Lis length of secondary 
coil. If a core of relative permeability wis introduced then 


M = u „nn, Al. Here n, = =20 


oe Li’ = 
in an inductor U = ey and energy is in 


Energy stored 


the form of magnetic energy. 


Growth of current in an R-—Lcircuit J(t) =] 


0 


L : ae: 
[1 —- e*) where t= R is the time constant of the circuit 


V, 


: L; ER ' 
ly E Time constant T Ta is the time in which the 


current rises to 63.3% of maximum current J, as illustrated 
in Fig. 14.4. 
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L R 


Fig. 14.4 Growth of current in an inductor 


Decay transient. After a long time at t= 0 the switch S 
is shifted from position | to position 2. Then 7 () = J, or 


In one time constant current decays to 36.6% of J, (maximum 
current). 


Fig. 14.5 Decay of current in an inductor 


2 


is the magnetic energy per unit 


Energy density = 7 
2 0 

volume. 

Eddy current Assume a solid plate of metal entering 
a magnetic field. Consider a loop drawn on the plate, a 
part of which is in the magnetic field as shown in Fig. 
14.6 (a). As the plate moves the magnetic flux through the 
area bounded by the loop changes and hence a current is 
induced. There may be number of such loops on the plate 
and hence currents are induced in random directions. Such 
currents are called eddy currents. Note that we do not have 
a definite conducting loop to guide the induced current. 
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Because of eddy currents in the metal plate, thermal energy 
is produced. This energy comes at the cost of KE of the plate, 


i.e., plates slow down. 


Fig. 14.6 Eddy current illustration 


This effect is called electromagnetic damping. To 
reduce electromagnetic damping one can cut slots in the 
plate. This reduces the possible paths of the eddy current 
considerably. 


AC generator emfe=NowBA, sin wt where N is number 
of turns and A, is maximum area and is angular frequency. 
Note V, = N@BA, is peak voltage. In AC generator slip rings 
are used. 


In DC generator the scheme is same, however, in 
place of slip rings, split rings are used so that after each 
half cycle the direction of emf reverses as illustrated in 
Fig. 14.7 (b). 


Fig. 14.7(a) Magnetic flux g and voltage Vin a AC 
generator 


Blv 


equivalent circuit 


(a) (b) 
Fig. 14.8 Slide wire generator 


emf = — Blv 
Current |Z BA 
R 


Bly’ 
Power dissipated P= PR= 


Biv 


We may also write power P = Ev = 


Inductances are added in series or parallel like 
resistances i.e. Lo L +L, +... 


e 


l 1. 1 
=} +— +.... 


L parana L L, 


Hall Effect If i is the current in a strip of metal or 
semiconductor in the direction shown in Fig. 14.9 and Bis the 
magnetic field then a Hall emf is developed in the transverse 
direction x y. The sign of emf will decide the nature of charge 
(positive or negative) 


Fig. 14.9 Hall effect illustration 


JB 
+, E,=-v,xB;E,= — 
ne 


Poles of a coil can be found. If the current is clockwise the 
pole will be south, If the current is anti-clockwise, its pole 
will be north as shown in Fig. 14.10. 


N 


Fig. 14.10 Generator of magnetic pole 


Fig. 14.7(b) Magnetic flux g and voltage Vina DC 
generator 


Ed Id 
Displacement current i, = Ele = 1a, 


dt R dt 


Slide wire generator See Fig. 14.8. Let R be the 
resistance of circuit (slide wire + U shaped conductor). 
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A time dependent current i(t) is termed as AC or alternating 
current. It 1s of four types: 


(a) sinusoidal 

(b) complex periodic 
(c) aperiodic 

(d) random. 


Sinusoidal AC If the current or voltage varies in 
accordance with sine or cosine function or their combination, 
then such a current or voltage is termed as sinusoidal. For 
example, 


l= I sin wt, I = A sin (wt + ¢), I = R cos (wt + ġ) and 
[=I _ sin øt+ Z „cos wtetc. are sinusoidal AC currents. Note 
that in J = I sin (wt + $) where / is instantaneous value of 
current, Z is its peak value, œ is angular frequency and @ 
is initial phase angle or epoch or angle of repose. œ = 2af 


2 ni a . 
= - or f = T is linear frequency. T is time period. Fig. 


14.11 shows sinusoidal variation of AC current. 
L 


+ I 


p 
O Ay t 


Fig. 14.11 Sinusoidal AC current 


Complex periodic AC The voltage or current wave- 
forms that are periodic but other than sine or cosine function 
such as rectangular, square wave, sawtooth, triangular wave 
form etc are complex periodic. These can besimplifiedusing 
Fourier analysis. Thus the de value (or average value), rms 
value or peak value may be known using Fourier analysis. 
ni vI 


or 


(c) 
Fig. 14.12 Complex periodic AC 


Fig. 14.12 shows examples of complex periodic wave. 


Fourier theorem A complex periodic function can be 
expressed as a series of sine and cosine functions f (t) = A, 


+A, sin nwt + YB, cos nwt 


n=1 n=l 
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Aperiodic AC The voltage or current wave form which 
is periodic but remains only positive or only negative and 
normally occurs for a short interval is called aperiodic 
wave. Pulse waveform is aperiodic as illustrated in 
Fig. 14.13. 


V, 1 


<+—T— +-T— 


Fig. 14.13 Aperiodic AC 


Random AC The voltage or current whose magnitude 
or time of occurrence is not well defined as shown in 
Fig. 14.14. 


Four values of AC voltage or current may be defined 
as follows: 


V,1 


Fig. 14.14 Random AC 


(a) peak voltage or peak current (V_or 1) 

(b) mean or average voltage/current (V, or I) 
(c) RMS voltage/current (V_ or Z) 

(d) Peak-to-peak voltage/current (V or Z) 


Look carefully into Fig. 14.15. The maximum voltage 
which one can have is called peak voltage V 


Note that V =2V 
pp p 


Fig. 14.15 Peak and peak to peak value illustration 


AC can be measured using AC voltmeter /AC ammeter. 
DC meters cannot record AC. Moreover, AC meters measure 
RMS value of current or voltage. Two types of AC voltmeters 
are available: One which employs a rectifier which converts 
AC to DC and then DC meter records the voltage/current. 
The other type is based on heat produced is œ V- or P special 
type of meters are available which record peak voltage or 
mean voltage. 


Mean or average voltage (V ,) Since the mean or 
average voltage over a complete cycle is zero, we define it 
for half the cycle. 
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Thus V» = 2 (M V sin æt dt 
T3 6? 


av 


‘milarl 2 pT : d 
Similarly / =— |. I, sin æt dt 


For sinusoidal voltage V „= 0.63 V, 
similarly Z, = 0.63 Z. 


RMS or Root Mean Square Voltage Also known as 
virtual or effective voltage, it is that value of AC voltage 
which will produce same amount of heat in a given resistance 
in a given time as is produced by DC voltage in the same 
resistance for the same time. 

2 


V 
vip V? d=} V? siot dt = —— 
T= T Jo P? 7 


V o. 
or Vas = = = 0.707 V similarly 


Reactance The resistance offered by an AC or reactive 
component (capacitor or inductor) when AC is applied is 
called reactance. It also introduces a phase shift of 7/2 in 
voltage or current. Unit of Reactance is Ohm. 


Capacitive reactance X = ——. When AC is applied 
@ 


across a capacitor the current leads the voltage wave form 
by 2/2 radian or 90 . Fig. 14.16 shows the V and Z phasor 
diagram in case of capacitor. 


Fig. 14.16 Phasor diagram in case of a capacitor 
Inductive reactance X, = Læ. Current lags the voltage 


T 
waveform by 90° or > radian when ac is applied across a 
pure Inductor. Fig. 14.17 illustrates the phasor diagram in 


case of inductor’s V and Z. 


Fig. 14.17 Phasor diagram in case of an inductor 
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Note that capacitor and inductor act like filter capacitor. 


Blocks DC and allows AC to pass °. 
œ —> 0, 


Xo = L when 
Ca 


Xo > © and when œ > ©, X, > 0 


Inductor allows DC to pass and attenuates AC. X, = L, 
when œ > 0, X, > 0 and when œw > œ, X, > © 


Reciprocal of reactance is called susceptance. 
AC components offer phase shift between V and 
I along with reactance when AC is applied. L and C are 


AC components. AC components are also called reactive 
components. 


DC components The circuit elements which do not 
offer any phase shift between V and I when AC is applied. 
Such elements behave alike in AC or DC. Resistor (R) is 
common example. 


Impedance (Z) The net resistance offered in an AC 
circuit when both AC and DC circuit elements are present is 
called impedance. Unit is Ohm. There will be a phase shift 
between V and J such that 0 < ¢< 90°. 


Admittance (Y) Reciprocal of impedance is called 


l |. ; 
admittance. Y E unit is ohm~! or siemen (S). 


Series RC circuit 


IZl=,/R° +X? = Rè +- tang => 
\ @ @ 
V 


P 


In series RC circuit, impedance 


and i= sin (wt + tan"! a, 
RCo 


R? + 


2.2 
C 


Note that current leads the voltage wave form by 


l 
¢ = tan”! (—] as illustrated in Fig. 14.18. 
@ 


R C 


V= Vsinw t 


(a) 


Fig. 14.18 


Series RL circuit In series RL circuit current lags the 


voltage wave form by tan"! (= as illustrated in Fig. 


14.19 (b) Impedance Z of the circuit is 


14.6 
ZI =; R° +X? 
= VR°4+L a’: 
La 
tan @= — 
ý R 


sin (wt — tan"! N 
R 


i= Ne 
VR + Lo? 


R L 
| O 


V=V,sin ot 


(a) 


Fig. 14.19 


Series RLC circuit Itis also called resonant circuit. 


upper cut off 
frequency 


lower cut 


Fig. 14.20 


2 
IZl= .{R° +(X, -XY = |R’ Hro- ) 
Ca 


X,-X xX,-—X 
tan d= L je. c L 
R R 
= E sin (ot + 9) 

I = — SIN (@ 
IZI 


Three causes arise 
(i) when at a particular frequency w,, X, = X, 


or Lo, = , Le., O, = 


l l l 
Ca, VLC j= 2nVLC 
This frequency is called resonant frequency. At 
resonant frequency Z = R i.e. impedance is pure 
resistance. No phase shift exists between V and 7. 
Note that impedance is minimum at f= f, and hence 
current is maximum at f, as shown in Fig. 14.20 (b) 


(ii) If œ < @,or f< f, the impedance is capacitive as X, 
> X, and hence current leads the voltage waveform. 
(iii) If œ >, or f >f, the impedance is inductive as X, 
>X and hence current lags the voltage wave form. 
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L a 
Q-factor or quality factor (Q = uate where r is internal 
r 


. Lo O 
resistance of the coil Q = — = 
r @ 


. If Q factor is 


Oo 


02 
large, resonance is sharp. It is clear from Fig. 14.21 that if 


Q is low, resonance is poor, however band width is small. 


Fig. 14.21 


Bandwidth The band of allowed frequencies is called 
bandwidth. It is the difference between upper and lower cut 
off frequencies i.e. bandwidth BW = Af = fy — f, as shown 
in Fig 14.20 (b). 

Note that a. series LCR circuit may be used as a band 
pass filter. 


Cut off frequencies or—3 dB frequencies These 
represent the frequencies at which power becomes half 


max 


I 
of the maximum or current becomes D . 


Filters may be divided into three categories 


(a) Low-pass filter (b) High pass filter, and (c) Band- 
pass filters. An Ideal low-pass filter allows all frequencies 
less than a certain maximum i.e. f< f, are allowed as shown 
in Fig. 14.22 (a). A practical low pass-filter is shown in Fig. 
14.23 (b). An ideal high pass filter allows all frequencies 


I ör V 


upper cut off 
frequency 

z f 

f f 


(a) Ideal low-pass filter. (b) Ideal high-pass filter. 


lower cut off freq 


f 


I or V 


allowed frequency band 
+» 


lower cut upper cut 
off off 
frequency frequency 


fo 
(c) Ideal band pass filter. 
Fig. 14.22 


Greater than a minimum called lower cut off frequency to 
pass without attenuation as shown in Fig. 14.22 (b). Fig. 
14.23 (a) shows implementation of low pass filter using R 
and C. 
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C S n L C 
M R ai 
(b) High-pass filter (c) Band-pass filter or tuned filter 


Fig. 14.23 


An ideal band pass filter allows all frequencies 
lying between f,, and f, to pass without attenuation. 
[Fig 14.23 (c)]. A series LCR [Fig. 14.23 (c)] is a practical 
band pass filter implementation. 


A parallel LC circuit acts as a band reject filter. 


Power (P) P = V Zn cos ĝ; cos @ is called power 


factor. Power companies try to supply at highest power factor 
(ġ = 0). ġ is the phase shift between V and 7. 


2 


P=V_I ospe a 
rms rms IZI 


2 


EE T 
Os = COS Q. 
2 |Z 


If ¢=90°, P=0, such a power is called wattless power 
and energy meters cannot record it There could be two types 
of power active and reactive power. Only active power is read 
by energy meters. P . =V I _ cos ġ. Reactive power is 


active rms rms 
not read by energy meters P =V I sing. 


reactive rms rms 
Transformer An ideal transformer isa loss-less element. 
The principle is mutual induction. Itis used to transform the 


voltage and current levels in an ac circuit. 


In an ideal transformer VJ, =-V,L , i.e., P, + P,=0 
Yi 1 _ N 
V, L N, 
L 
$ 
| [ 
Primary coil Secondary coil 


Fig. 14.24 Transformer 


where N, and N, are number of turns in primary and 
secondary coils respectively. 
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Power transformers are of two types: step up transformer 
and step down transformer. 


In step up transformers, N, > N, 
and hence V, >V, thus J, </.. 
In a step down transformer V, < V,,N,<N, but I, >I. 


Step up transformers are used at the generator end in 
a power distribution system so that J — 0, and hence power 
loss in transmission line P= PR —> 0 (due to heating produced 
in the transmission line). Step down transformer is used as 
the distribution end near a locality. 


P 
Efficiency of the transformer 7=—“=—" 
input input 
J _ I 2 


= 22! gee Fig. 14.25 
V. 


/ 


Losses in transformers may be divided into two categories: 


Fig. 14.25 


(a) Copper loss (due to resistance of Cu winding) [See 
Fig. 14.25] 


(b) Magnetic losses (eddy current loss, flux linkage 
loss and hysteresis loss) 


Eddy current loss is minimised using laminated core 
in form of E and I or Square Core. Flux linkage loss is 
prevented by winding one coil over the other. Hysteresis loss 
is minimised using soft iron core with 4% Si. 


Generator Generators are of two types: AC generator and 
DC generator. The basic difference in construction 1s that in 
AC generators slip rings are used and in DC generators split 
rings are employed so that after each half cycle direction 
changes and same polarity is maintained. 


To generate emf a coil is moved in a magnetic field 
and emf is generated V = BA œN sin wt where N is number 
of turns, B is uniform magnetic field. A = A, COS wt is area 
at any instant. And œw is angular frequency. 


Tuned circuits or Tank circuit or Oscillation circuits 
Fig. 14.26 (a) is called tank circuit. 


Fig. 14.26 


Resonant frequency or frequency of oscillation In 
Fig. 14.26 (b) damped oscillations are produced and damped 


2 
frequency a'=, | ae a These circuits in AC behave as 
LC 4L 


band reject circuits. The current-frequency curve is shown 
in Fig. 14.27 


f 


0 


Fig. 14.27 


Assume electric field E = E, sin (wt — kx) and magnetic field 
B = B, sin (œt — kx) vary with distance x and time t in YZ 
plane. Such a combination of electric and magnetic fields in 
vacuum is known as an electromagnetic wave propagating 
along x direction in vacuum. Maxwell, in 1864, developed 
the theory of em waves. 


Maxwell's equations Maxwell.combined four 
equations connecting electric and magnetic fields. These are 
now popularly called Maxwell’s equations. 


PE ds = g Gauss law in electrostatics 
Eo 


fea- N ays 

.d =——— = Faraday’s law 
dt J 

È B.ds =() Gauss law in magnetism 


$ B.dl = UI + Ui, modified Ampere’s law 


, do, 
=U i + uE 
Ho c Ho 0 dt 
dQ, . .. 
where i, = £ fr is displacement current. 
dg 
In vacuumi =0 -. OBdl = ui, =uge 

l p Hola = Moe) -7 


conduction current 


or i= Sole = dlan) is displacement current. 
1 dt dt 
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Properties of Hectromagnetic Waves 


(a) Though em waves are generated due to variation of 
electric or magnetic fields, the waves themselves do 
not carry any charge. 


(b) These waves are not deflected by electric or magnetic 
fields. 


(c) These waves travel with speed of light c in vacuum. 


(d) These waves can pass through vacuum as no 
medium is required for their propagation. 


(e) They are only transverse in nature. 


(f) They affect photographic plate (blackening it if 
wavelength < wavelength of red light). 


(g) Their rest mass is zero but they possess momentum. 


(h) They can be polarised. 


Relation between Eand B 


l 
Ho€ 


U, = 4r x 107 T-mA"! 


E, = Bye andc= 


where 


E€ = 8.85419 x 10°? C°N'm” wavelength 


A= £ where f is frequency. 


Refractive index n=./4.€, or v= 
H,é, 


In a travelling electromagnetic wave E,/é.é, = 


H = 4| 4, Ho, momentum p = = where U = m,c’ is energy. 
C 


When the wave reflects, momentum becomes —ve 


Power 2 Power 


Force F = 


(in absorbing bodies) and F = 
C c 


(in reflecting bodies like mirror). 


l l 
Intensity I = > é,E;c and 


energy density u = 2 e E? = By 
2 0 0 2 Ly 

2 

2 2 2 2 ko 


Flow density of electromagnetic energy or Poynting 


Ho 


flow per unit area in a plane electromagnetic wave. Unit of 
E, By 
2 Ly 


P =Wm> or P| = power per unit area. 
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Energy flow density of electric dipole radiation in a 
. 2 


. sin 
far field Zone varies 5 
r 


dipole, and 8 is the angle between the radius vector r and 
axis of the dipole. 


where r is the distance from the 


Radiation power of a dipole with dipole moment p(f) 
and of a charge g moving with an acceleration a is 


E 2q°a° 


1 2p? 1 
4né, 3c’ 4me, 3c? 


radiation 


If h is the height of antenna then program can be 


received upto a radius of r= J2hR where R is radius of 


the earth. 
h+R EN 
= 90° 


Fig. 14.28 Radius upto which transmission 
can be received 


Short Cuts and Points to Note 


OOOO 
AD Z 


dA Ul 


Induced current in different cases 


1. Time varying current or emf or voltage is AC. AC 
voltage and currents are phasors. Phasors are added 
like vectors. Therefore apply vector laws. 


2. Note the directions of currents generated in the coil 
ring and magnetic pole when magnet moves in or 
out as shown in the Figure. 


3. If magnetic field changes with time and distance 


then the emf generated = aZ, Z] where A 
t 


Z 
is area and v is velocity. 


4. When a rod conducting / non conducting of length 
/ moves in a uniform magnetic field emf generated 
is Blv if B, l and v are mutually perpendicular 
(See Figure) 


(a) 


xj XxX 
xx! | x x x ne 
T 
XXII XXX 


Motional emf 


If the velocity vector makes an angle 0 with length 
or with magnetic field then emf induced = Bly sin 0 
as illustrated in the Figure. 

Blv sin 0 


XXXX : 
x XXX 

l 8 
XXX / ONS y x 


Motional emf 


If rod is conducting and a loop is made with 
conducting wire then current will also be induced 
and the direction of current will be given by 
Flemming’s Right hand Rule. 


Note: emf can be generated in conducting or non 
conducting rod. For current to be induced conductor 
is a must and loop be completed. 


. If a rod OA clamped at O is rotated about O with 


an angular velocity œ in a uniform magnetic field 
of strength B then emf induced is 


2 
== Beg = Brl’f where fis linear frequency. (See 


Figure) 


. If R is the resistance of the circuit. then power 


consumed in moving the conductor in slide 
wire generator is on the lines P=F-v and 
Biy 

R 


. The following figures (a), (b), (c) and (d) illustrate 


the effect of increasing and decreasing magnetic 
flux ġ, on induced emf and current 


do 
O 0) 
Ps ht 


emf e and hence J are negative 
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Bincreases 
Ta 
(a) 
(b) ¢, >0, “ <0 


e and hence / are positive 


B decreases 


dø 
c <0, — <0 
(c) Øs i 
e and hence / are positive 


A 


C feo 


B increases 


(c) 


(d) B decreasing Ø, <0, “es >0 
í 


g and hence 7 are negative 


B decreases 
(d) 
. Motional emf de = (v x B) -dl and 


E= fox B) -dl If Bl and vy are mutually 
perpendicular then € = Blv 


. If a disc of radius R rotates in a magnetic field B 
perpendicular to the plane of the rod with an angular 


BR’a 


velocity œ then emf ¢ = 


10. 


11. 


12 


13. 


14. 


15. 
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If in a ring magnetic flux is varying then electric 
field (non-electrostatic) 1s given by 


$ E-a =- or 
dt 


dd, 
dt 


1 


nr 


where r is radius of the ring. 


Metal detectors work on the principle of eddy 


currents. The metal detector generates varying 
magnetic field. This induces eddy current in a 
conducting object carried, through the detector. The 
eddy current in turn produces a varying magnetic 
field B’. The detector’s receiver coil receives this 
varying field and induces a current. 


Eddy currents in action is Jupiter’s moon Jo. lo 
moves rapidly through Jupiters intense magnetic 
field and this sets up strong eddy currents within the 
interior of Jo. These currents dissipate energy at a 
rate of 10'*W (= 1 Kiloton) in Io in every 4 s. This 
energy keeps interior of I, hot and causes volcanic 
eruption. 


If time varying current is passed in the inner coil. 
B „~ 0. However, magnetic flux per turn through 
the outer coil is B zr’. If N are the number of turns 
in secondary (outer) coil then total flux (see the 
Figure) 


$,=NBnr and 26 = a 


= Nar? — = Nrr u n — 
dt Mo dt 


Note that r is the radius of inner coil. Note that flux 
exists outside the solenoid and is equal to B zr’ while 
magnetic field outside 1s zero. 


Self inductance of a solenoid L = u yr n”? Al = u mr 
n? V where V is volume of the coil V = Al and n is 
number of turns per unit length, / is length of the 
solenoid and A 1s area of cross-section. 


Intrinsic energy of a current in a solenoid 


U = L P. The energy stored is in the form of 


magnetic energy. 


If two coils have mutual inductance M and the 
currents in them are /, and J, then interaction energy 
of the two coils (see Figure) 1s given by 


U=MII, 
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16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


Displacement current density J ee 


displacement 


Volume density of magnetic field energy 
B’ _BH 
2il, 2 


N’A U N’°r 
27mr 2 


Self inductance of a toroid L = 


Coupling factor K = A 
Vaz 


_ flux linked to secondary coil 
flux linked to primary coil 


Self inductance of two co-axial cylinders per meter 
figure is 


og, — = — 
2m i, 20 i, 
Mutual inductance between two concentric coils 


having radii r, and r_for primary and secondary 
coils as shown in the Figure is 


G 


TUN N r’ 
-Bot pihs where N, and N are number of 


r 
P 

turns in secondary and primary coils respectively. 

Inductance in series if mutual inductance is also 

present L p= L, + L, + 2M 


Inductance in parallel if mutual inductance of the 
two coils is taken into account 


LL, + M? 
T L +L +2M 


In RL transients time for the current to grow 


63% = t (one time constant = ly ) 


I, 
t = 2.3031 log 
I)- 
Time for the current to grow 90% of I 


for growth of current 


max = 2.3037 


23; 


26. 


Zi. 


28. 


29. 


30. 


31. 


Time for the current to grow 95% of I = 3 
Time for the current to grow 99% of I „= 5t 


The same times are valid for decay also 


I 
t = 2.3031 log T for decay transient. 
0 


When a magnet falls along the axis of a 
closed metal ring as shown in the Figure its 
acceleration decreases (due to Lenz law) as it 
approaches the ring. If the ring is not complete, 
making open circuit, then acceleration will 
remain = g throughout as induced current will 
be absent. However emf is induced for decay 
transient. 


S 


N 


Induced charge between time interval At is 
fir =— fag -2—& 


In a generator emf ¢ = NAowB sin wt and peak 
voltage V, = NA Bo. Generator may also be called 
an Alternator. 


h% 
" fa dt 


complex periodic, integrate for half cycle i.e. 


=f. Idt. If wave is sinusoidal or 


I =Z]. Idt. 
T #0 


21 
For sinusoidal current J, = —? =0.636 I, 
T 


T 
t= ral I’dt I. is also called apparent or 


virtual or effective current. 


I 
For sinusoidal waves ]__ = Ja = 0.707 I. 


Peak-to-peak voltage V „= 2V, where V_ is peak 
voltage. 


Form factor of AC F = lms C= as for 
Iy 2/2 


sinusoidal AC) 
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= 1 1 
32. Capacitive reactance Xo =-—. Note that Xo « — 
Cao w 


1 a 
or — ie., capacitive reactance falls as frequency 


increases. 
Ke 
X; (b) 
V, = IX V ms) = Vp +V, 
r or @® 7 or @ y? 
3 () or =V; +V; 

2 

Capacitor acts as a short circuit for very high V 

frequencies X, —> 0 if œ —> œ . Current leads the [= rza —9) 

voltage by radian or 90° when AC is applied 

2 (a, V; R 

across a capacitor. Inductive reactance X, = Lø. Power j= Zi 21ZP 

Note that X, œ w or f. Inductive reactance attenuates 

AC and allows DC to pass without attenuation. . a > 5 

Current lags the voltage by 90° when AC is applied In series RLC circuit IZ E yR +(X, -X.) 

across pure inductor. 

33. In series RC circuit NF o( LY 
PORR 1 X 1 w 
|Z |= R? +X? = R? + ;tan Q = T 
ý C’o’ ? R RCo 

current leads the voltage wave form by ¢. = ba 

tan ģ = 
? R 


|z| 


(a) (b) 
V SK VaV V 
y2? 
or 3 a 
V 7 i 
I = —sin(wt +ø) Power p = Vaus Z I 
IZ | IZ | n/2 
V-R R fo f 
os ġ = —“— `: cos ġ — o r 
P=? ara Jo 
7/2 
34. In seriesRLcircuit | Z H yR? Ra S VR +Do* (c) (d) 
ang XE 
apa R R` If ġ is positive impedance is capacitive and 


Current lags the voltage wave form by 4. current leads the voltage wave form i.e., for œ < 
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œw, impedance is capacitive. If f= f or œ < w, = 
1 
d then ¢ = 0, impedance is pure resistive and 


is minimum. Current is maximum. These is no phase 
shift between V and 7 at resonance. 


If f> f, or @ < wy the impedance is inductive, ¢ is 
negative i.e. current lags the voltage wave form. 
the Figure (d) shows variation of phase shift with 
frequency. Figure (b) and (c) represent variation of 
impedance with frequency. 

V; R V; R 


Power P = —=—— = 


2IZP 2[ R(X, -X.,)*| 


2 
— is maximum. 


(resonance) 9) R 


2 
Power at cut off frequencies = a 


36. At cut off frequencies Z = V2R 


1 
R? + (X, —X_,)? = 2R? or Lo — = 
or LCw?-— RCw-—1=0 

RCŁNR C +4LC 


2LC 


or æ = represent cut off 


VR?C? +4LC 


frequencies. Band width w,,—@,, = K 


7071, 


Lower cut off 
frequency 


Note that cut off frequencies are also called half 
power frequencies or —3dB frequencies. 


w 
——*_ Larger the 
02 %oi 


37. Q factor of a coil Q = aaa 
r o 


value of Q, sharper is the resonance. 


If r > 0, Q > œ, I > œ i.e. resonance catastrophe 
occurs and bandwidth > 0. 


38. Series RLC circuit acts as a band pass filter or tuned 
filter. 


1413 | 


RC low-pass filter 


RL low-pass filter 


n — filter 
Low-pass filter circuits 


RC, LC or z low-pass filters are preferred. 
RC high-pass filter is very commonly employed. 


39, 


40. 


41. 


42. 


43. 


High-pass filters 


V-R 


P 


AVA 


is recorded by energy meters. Reactive power 


P=V ad 


rms rms 


Active power cos = 


= V „Z Sin ĝ is not recorded by energy 


(Reactive) rms rm: 


meters. 
Zi=-ZZ, i.e. —ve phase angle of impedance is the 
phase shift between V and J. 


Kirchhoff’s Laws can be applied to AC as well if 
stated as follows: 


KCL or Junction Law: The algebraic sum of 
all the currents entering a node at any instant is 
zero. 


KVL or Loop Law: The algebraic sum of all the 
potential drops in a loop at any instant is zero. 


AC voltage and currents are phasors, So are 
impedance and reactances. Apply vector laws for 
analytical treatment. 
V, L N 
In a transformer — = —-— = — Note: —ve sign 
V, A N, 


shows phase reversal of current in secondary coil. 
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44, 


45. 
46. 


47. 


Dot (.) on the coils of a transformer represents that 
their winding are made in the same direction i.e. 
either both clockwise or both anticlockwise so that 
a phase shift of 180° is developed between primary 
and secondary currents. 


o; 


Transformer 


. Fis ut 
Efficiency 7% =— x100 


input 


From Figure (b) 
V = 
1% = x100 = A x100 
V, V, 


In parallel LCR circuit as shown in the Figure 


Parallel LCR Circuit 


Parallel LCR circuit is called anti-resonant circuit 
or band reject circuit. Current is minimum at 
resonance. 


In our country AC mains has frequency 50 Hz. 


Fourier analysis can be used to find V_, or amplitude 
of fundamental frequency or other harmonics. 


Maximum Power from an AC source is transferred 
to a load (ac) if Z = Z, 


or R, + jX, = R,—jX, 


50. 


51. 


32. 


53. 


54. 


55. 
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OR R =R, 
and X, =— X,, i.e., if source is inductive then load is 


capacitive and equivalent (so that X, and X, cancel 
out) or vice versa. 


. Current when ¢ = 90° is called wattless current. It is 


possible if pure capacitor or pure inductor 1s applied. 


. Electromagnetic waves are transverse waves 


produced due to variation of electric and magnetic 
fields held perpendicular to one another. Wave 
propagates perpendicular to both electric and 
magnetic fields. 

If E = E, sin (wt — kx) varies in y — direction and 
B_=B, sin (wt— kx) varies in z-direction, then wave 
progresses in x- direction. 


Maxwell equations in vacuum are 
$ E-ds -Y PB -dS =0 
Eo 


dOa netic do . 
GE-dl = — $ B- dl = Mobo = Hole 
The electric field so generated 1s non-conservative. 
Note that in vacuum conduction current is zero. 


Therefore only displacement current remains. 


Force experienced by electomagnetic wave 


2Power . 
F =———_ for a totally absorbing surface. 
C 
p= radiation 
A where P tano, 1S radiation pressure and A is area. 
P 
F= fora perfectly reflecting surface. 


2 E 
Momentum p = = = EY for totally absorbing 
č C 


2 
surface and p= 2 for totally reflecting surface 
ë 


Average energy density 


Umoe _ 1. p Bo 


average 


u = = 7 Eob = 
Volume 2 2 ly 


1 
Intensity I =—e,E> and E = B,c and c= 
2 Mo€o 


Note that refractive index n = 4,£, or £, =n? 


Phase velocity v = < f 
M,E, 
E 1 
T a is independent of 
k 5 MoE, 


wavelength or frequency 
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56. 


57. 


58. 


29; 


60. 


61. 


62. 


63. 


64. 


65. 


E 
Impedance of free space z, = = = 3770 = Mo 


In a wave guide Vphase = 


A 2 
v =c -(4) 
group a 


Guide wavelength 


v V, A A 


À = phase = phase — 
§ F a IE ; 
lin 
2a 
Cut off wavelength A. = 2a 


a l1 aṣ > 
Poynting vector p = — [E x B]. It describes power 
0 


flowing per unit area and power = $P -dAV.D= p 
E,B, Bc E 
24o 2i 2 Hy 


describes average power flowing per sec or intensity. 


It 


Intensity J = <P> = 


Another form of Maxwell’s equation (differential 


Radius upto which transmission can be received 
from an antenna of height A r= /2Rh 


AA A 
Doppler’s effect in light — = “Gr At A \4 
Ag wf ac 
Relative velocity v_, = as ae 
1 À ` UU, 
2 
c 


Energy flow density of electric dipole radiation in 
sin’ 0 


2 
r 


a far field zone ~ 


Radiation power of an electric dipole with 


momentum p(t) and charge q moving with an 


ae 1 2p 
acceleration a is P aain =- >3 
radiation ATE 3c 
o 1 2q°a? 
4né, 3c 


Radiation Pressure 


P = if surface is absorbing 
c 


radiation 


1415| 


P 


21 . 
daio, = — Ut Surface is totally reflecting, where 
radiation C 
Iis intensity. 
66. In standing em wave, nodal planes occur at 


i= 05, A, = S for electric field (Eœ) and 
antinodal planes for magnetic field (B = max). 


Antinodal planes of electric field (E= max) occur at 


A 3A 5A 
x=—, = = ... and are nodal planes for magnetic 
4 4 4 
field (B = 0) Note that standing em waves are formed 
in wave guides or cavities. 


67. Visible spectrum 


400-440 nm violet 440—480 nm blue 
480-560 nm green 560-590 nm yellow 
590-630 m orange 630-700 nm red. 


em wave spectrum 


Radio waves 


Micro wave 


(m) 


1072 10° 16" 10°10" im tom l 


Caution 


1. Considering AC voltage and currents are scalar like 
their DC counter parts. 


= AC voltage and currents are phasors. In EMI only 
AC voltage and currents are generated. Note phasors 
are added like vectors. 


2. Assuming electric field generated in EMI (produced 
due to varying magnetic field) is conservative like 
electric field in electrostatics. 


= The induced electric field lines make a complete 
loop and PE -dl =e #0. In electrostatics 


PE -dl = 0. Hence field is not conservative. 


3. Considering there is no difference between current 
induced due to EMI and drift current. 


= Current induced due to varying magnetic 
field or varying magnetic flux is displacement 
current. 


4. Assuming that angle between the coils plays no role 
in determining mutual inductance. 
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> 


M œ cos@. If two coils are perpendicular as shown 
in the Figure then M = 0. Therefore coupling factor 
K = 0 also. 


While defining flux B-ds = d@ considering area 
vector along the plane. 


Area vector is perpendicular to the plane and angle 
between B and area vector ds be taken as illustrated 
in the Figure. 


Considering magnetic flux produces emf. 


Change in magnetic flux produces emf. It may be 
produced in 3 ways (a) Area is fixed, B varies 


dB 
i.e. € = -Å — 
dt 
. a dA 
B is fixed and area varies i.e., ¢=—B d 
í 
Both area and magnetic fields vary, i.e. 


—_ (B, — B,)(A, R A, ) 

g t 
Considering a wire or a cylinder does not possess 
any self inductance. 


A wire or a cylinder has a very small self inductance. 
This property is used in the communication 
systems and rods / cylinders / wires act like antenna 
Momr 
47pl 
mass, r radius, p is density and Zis length. 


where m is 


or tuner circuit. However L = 


Not remembering which law be used to find 
direction of current. 


Flemming’s right hand rule which is mirror image 
of Flemming’s left hand rule is used to find direction 
of current. Flemming’s left hand rule is used to find 
direction of force in a given magnetic field. 


Considering no emf will be generated in an 
incomplete ring as no current is induced in the ring 


10. 


11. 


12. 


13. 
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when a magnet is falling along the axis of the ring 
or conductor is moving in the magnetic field. 


emf will be induced. Since induced current 1s zero, 
no opposition is caused by the ring to the falling 
magnet. Hence acceleration = g throughout the 
motion. 


If a magnet 1s falling along the axis of a long Cu 
cylinder then assuming that acceleration of the 
magnet < g as in case of asolenoid. 


As the Cu cylinder has nearly zero resistance, it 
opposes the magnet fully and a= g — g = 0 


h 


Considering there is no effect of temperature when 
the magnet is falling along the axis of a metal ring. 


If temperature increases, resistance inreases and 
current falls. Hence opposition to the motion of 
magnet decreases. Magnet falls faster. 


Considering when a rod is rotating in a magnetic 
field emf e = Bly where v = lw 


(b) 


i.e. e = BPo similarly for a rotating disc e = BR’w 


Note the velocity at each point is different, therefore, 
2 


for a rod €= and for a disc 


R BR? 
E= f ow Brdr -222 = 
0 2 
Considering that impedances/reactances are added 


like resistors. 


f Bæ xdx 
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= These quantities are phasors and vector algebra 
should be applied. 


14. Considering V pps) = V, + V, in the Figure (a) 
or V ps) = V + V, in the Figure (b) 


or V ps) = V + V, + V, in the Figure (c) 


=> Apply V pps) = WV, -V? in the Figure (a) 
V ms) = Ve +V; in the Figure (b) 


and V,_ (rms) = VW +(V,—V,)* in the Figure (c) 


15. Considering transformers can step up or step down 
DC also. 


=> Transformers can step up or step down only AC or 
time varying voltage/currents, as they are based on 
principles of mutual induction. 


To step up or step down DC potential divider circuit 
or Rheostat can be used. 


16. Considering V_. = $ = 0.707 V, for all types 


of ACs. 


rms 


For all others apply V,.= |>| V?d 
or all others apply Vms = Tdo t 


Similarly V = a or 0.636 V, for sinusoidal AC. 
1 


=> VŅV = Ve for sinusoidal AC. 
V2 


av 


| pT 
For all other types use V = A Vdt 


T 
or = (7 Vdt depending upon whether they remain 


on one side of zero line or two sides of zero line. 
17. Not remembering frequency of AC mains. 
= Frequency of AC mains is 50 Hz. 


18. Considering V = IX, or V = IX, completely 
represents voltage across inductor or capacitor. 


=> V= IX, or V = IX, only gives the magnitude 
(amplitude) of voltage and not instantaneous values. 
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19, Considering current cannot pass through capacitor 
as its plates are insulated. 


=> AC current can pass as capacitor charges and 
discharges. There is an equal current i entering 
one plate and i leaving other plate and an equal 
displacement current between the plates. 
Mathematically Q = CV aQ =1=C a 
dt dt 


i.e. if V is varying with time, current can flow. 


1 
OR Xoe E if œ = 0, X, > œ i.e., DC current 
w 


cannot pass through capacitor but AC current can pass. 


20. Considering in AC power consumed is same as in 
DCie., P=V_I 


= Power consumed is P = Vd „cos $. Power may 
be wattless if @ = 90° 


21. considering net impedance of circuit shown in 
the Figure 


109 
OOOO 
8Q 
6Q 
1 1 11 
— = +—+— 
z| 10 8 6 
1 1 (1 1ř 
=> Apply = — =,|-— +| —-— 
PPS i ye i J 


22. Considering phase shift is fixed in series RLC 
circuit. 

= Phase shift varies with frequency as shown in the 
Figure. It is +ve if f < f, and 0° at f = f» Phase shift 
is negative when f> f; 


7/2 


O 
—, 


—1/2 


23. Assuming that since rest mass is zero, Therefore 
em wave cannot have any momentum. 


E U 
=> Momentam = TY == for absorbing surface 


C 


and a for reflecting surface. 
c 
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24. Applying ordinary laws of relative velocity 
for photons or for particles moving with speed 
close to c. 


=> Apply special theory of relativity in such 
cases. 


25. Considering electromagnetic waves do not exert 
any force as they do not possess mass. 


= pee for totally absorbing surface and 
C 
DP 
poo’ for perfectly reflecting surface. 
€ 


26. Assuming that even in a wave guide em wave travels 
with c. 
= Ina wave guide they travel with group or phase 


velocities. 


27. Not remembering the modification made by 
Maxwell in Ampere’s Law 


PRACTICE EXERCISE 1 
(SOLVED) 


1. A rectangular loop with a slide wire of length / is kept 
in a uniform magnetic field as shown in the Figure (a) 
The resistance of slider is R. Neglecting self inductance 
of the loop find the current in the connector during its 
motion with a velocity v. 


RR 
R R Rp 
Blv 
(b) 

(a) Bly b) BIv(R + R,) 
R+R,+R R+(R, + R,) 
o a 

RR, +RR,+RR, R, R, 


Solution (c) The equivalent circuit is shown in the 
Figure (b) 
Bly — BIV(R, + R,) 
RR, RR + RR, + BR, 


R+ 
R +R, 


obviously J = 
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d 
=> =  B-dl = Mic + yey EE = i til. The 
t 
second term in the equation is a modification. It 
gives displacement current (in vacuum). 
28. Confusing energy density and intensity. 
= Energy density is average energy per unit volume 
l B; 
u =~ E; =— 
2 2i 


while intensity 1s rate of flow of average energy per 


l 
unit area. I = 7 fob oe 


29. Confusing Poynting vector with intensity. 


= Poynting vector gives instantaneous rate of flow 
of energy per unit area carried by em waves. Since 
the frequency of.em waves is quite large, it is 
very difficult to notice the variation with time. We 
therefore define intensity. Intensity gives rate of 
flow of average energy per unit area. 


2. A square wire frame of side a is placed a distance b 
away from a long straight conductor carrying current 
I. The frame has resistance R and self inductance L. 
The frame is rotated by 180° about OO’ as shown in 
the Figure. Find the electric charge flown through the 


frame. 
+—b— |, 
en ne ! 
a 
IO 
2 uia? Mi b+a 
a b O 
9 zRo 0) oar Ep- 
Mia b+a 
c) — lo d) none of these 
(c) ak bea (d) 
l >. Ijd di 
Solution (c) jaa] ae 
R| dt dt 
1 A@ 1 b+a 
= |idt =—|A^¢ģ +0 |=— = — Badx 
q J A 4 l R R” b-a 
_ lpi miid gy Mold p bta 


= x 
R*b-a 27x 27R . bea 


3. One conducting U tube can slide inside the other as 
shown in the Figure maintaining electrical contacts 
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between the tubes. The magnetic field B 1s per- 
pendicular to the plane of the Figure. If each tube moves 
towards the other at a constant speed v then the induced 
emf in terms of B, L and v where / is the width of each 
tube, will be [AIEEE 2005] 


(a) Bly (b) —Blv 
(c) 2 Blv (d) zero. 
Solution (c) “a = 2 Bly 
at 


4. A coil of inductance 300 mH and resistance 2Q is 
connected to a source of voltage 2V. The current reaches 
half of its steady state value in 
(a) O.ls (b) 0.38 
(c) 0.05 s (d) 0.05 s 

[AIEEE 2005] 


— Rt 


Solution (a) I=, l-e} ) 


I 
t= rt log, 2 
I-I 


= Le log 2 = 0.693 Z 
R R 


= 0.693 x — = 0.15 


5. As a result of change in magnetic flux linked to the 
closed loop shown in the Figure, an emf V volt is 
induced in the loop. The work done in taking a charge 
Q coulomb once along the loop is 

[CBSE PMT 2005] 


(a) QV (b) 2QV 
(c) QV/2 (d) zero 

Solution (a) QV because induced electric field so generated 
is non conservative i.e. PE -dl=V 


6. A conducting ring of radius 1m is placed in a uniform 
magnetic field of 0.01 T oscillating with frequency 100 
Hz with its plane at right angle to B. What will be the 
induced electric field? 


-B 
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(a) z V/m 
(c) 10 Vm“! 


(b) 2 V/m 
(d) 62 Vm" 
[AIIMS 2005] 


Solution (b) After every T/2 the field will change from B 
to —B as illustrated in the Figure. € = 2BAf 


PE-dl=e 
2 
or E- E _2BaR'f 
2aR 2a R 


= BRf = .01 x 1 x 200 = 2Vm! 


7. A magnet is made to oscillate with a particular 
frequency passing through a coil as shown in 
the Figure. The time variation of the magnitude 
of emf generated across the coil during one 
cycle is 

[CET Karnataka 2005] 


emf 

(a) o Ahy 
emf 

(b) LA, 
emf 

(c) AA 


Solution (a) 


Ou 
© 

@ 
o g 


8. The induction coil works on the principle of 
(a) self induction 
(b) mutual induction 
(c) Amperes rule 
(d) Fleming’s Right hand rule. 


Solution (b) 


9. The coil is wound on an iron core and looped back 
on itself so that core has two sets of closely wound 
coils carrying current in opposite directions. The self 
inductance is 
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L 
M 

(a) zero (b) 2L 

(c) 2L+M (d) L+2M 


Solution (a) Left=L,+L,-2M=L+L-2 VLL =0 


10. The magnetic flux in a coil is ọ = 12 £ + 5 t + 1. The 
emf induced in 5 s is (@ is in milliweber and f in s) 


(a) O (b) 12.5V 
(c) 0.15V (d) 0.125V 
[CEE 1996] 
Solution (d) d 
dt 


= (24t + 5) x 10°| 
= (24 x 5 + 5) x 10° = 0.125V 


11. A magnet falls with its S-pole along the axis of a ring. 
The current generated is ...... and acceleration is ...... 


(a) clockwise, > g 
(c) anticlockwise, > g 
(e) clockwise, = g 


(b) clockwise, < g 
(d) anticlockwise, < g 


Solution (b) South pole should be formed by the current 
in the ring. .. currentis clockwise and south will repel 
south, hence a < g 


12. A long wire carries a current 5A. The energy stored in 
the magnetic field inside a volume Imm’? at a distance 
10 cm from the wire is 


T T 
a) — x 10-8) b) — x 10-8J 
om OFS 


(c) xx 10? J (d) 7% 10-3 J 


2 
Solution (d) u (energy per unit volume) = 


and energy 


0 
2 
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2 


Ht 


= TEF x vol. 
-7 —9 
_ 4m x10 — -Z 1087 
8x10(10 °) 8 


13. Ifa Bismuth rod is introduced in the air coil as shown 
then current in the coil 


V = V Sinot 


(a) increases 
(c) decreases 


(b) remains unchanged 
(d) none of these 


Solution (a) L will decrease as Bi is diamagnetic 


i= LA will increase 
L 


14. The voltmater reading in the Figure is 


2 


Cu sheet 


V 
(a) zero (b) N 
V 
(c) a (d) none of these 


Solution (a) because Cu is diamagnetic, no magnetic flux 
will link to coil 2. 


15. A satellite orbiting the earth at 400 km above the 
surface of the earth has a 2m long antenna oriented 
perpendicular to the earth’s surface. At the equator the 
earth’s magnetic field 1s 8 x 10°7 and is horizontal. 
Assuming the orbit to be circular, find emf induced 
across the ends of the antenna. 


(a) 1.3 V (b) 1.2 V 
(ce) 1.0 V (d) 0.12 V 
(ce) 0.13 V 


Solution (b) v, = NR+h)g 


emf = Blv = 8 x 105 x 2 x 7.2 x 110°=1.2 V 
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16. Assume a long solenoid is wound with 500 turns m“! 
and current is increasing at 100 As-', the cross-section 
of the coil has area 4 cm’. Find the induced electric field 
within the loop of radius 2 cm 
(a) 2x 10* Vm"! (b) 4x 10* Vm"! 

(c) 3x 10* Vm"! (d) none of these 


, dI 
Solution (a) emf €= -u nA T 
t 


= 4r x 107 x 500 x 4x 104 x 100 = 25 x 10°° V 


f. E-dl =sorE= ca 
2nr 


25x10° 


~ 4 xX2x107 =r 


17. A long solenoid of radius 2 cm has 100 turns/em and 
is surrounded by a 100 turn coil of radius 4 cm having 
a total resistance 20 Q. If current changes from 5 A to 
—5A, find the charge through galvanometer. 


(a) zero (b) 800 uc 
(c) 400 uC (d) 600 uC 
Solution (b) ¢= Bare = e = Nar? dB 
l dt dt 
= Naru pn z 
2 
[= = and AQ = JAt= oa 5 At 


_100xax(2x10~)* x10*x4%x107' x10 


A 
g 20 


=8 x 10*c = 800uC 


18. Arod of length lis moved with a velocity v in a magnetic 
field B as shown in the Figure. Sketch the equivalent 
electrical circuit. 


BX X XZ X 


0 
+<——___ | — > 
x X x X 
(a) Bly (b) Biv 


(c) Bly sin 0 (d) Bly sin 8 
Solution (c) The positive charge of the rod shifts towards 


left due to F = q ((vxB}. 
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19. Two conducting circular loops of radii R, and R, 
(R, R,) are placed in the same plane with their 
centres coinciding. Find the mutual inductance between 


them. 
Hy Re Hy Rs 
(a) ——— b) ——— 
2R, R 
R? R; 
(c) Sot (a) Moth 
2R, 2R 


Solution (d) Assume current i passes through outer loop. 


Then B = a and 


l 


: R? 
d= Pl eR? using ¢ = Mi, M = oe 
2R, 2R, 


20. In aclosed ring A and in an open ring B magnets are 


falling along the axis of the ring. The current generated 
in A and B have directions 


Is NI 


(a (b) 


(a) clockwise, anticlockwise 
(b) anticlockwise, clockwise 
(c) clockwise, zero 

(d) anticlockwise, zero 

(e) zero, zero 


Solution (c) According to Lenz’s law the current generated 
in A shall develop S pole to oppose the cause producing 
it. Therefore current is clockwise. In B the circuit is 
open. Therefore no current will flow. 


21. A metallic wire bent into a right A abc moves with 


a uniform velocity v as shown in the Figure. B is 
the strength of uniform magnetic field perpendicular 
outwords the plane of triangle. The net emf 1s ...... and 
emf along ab is ...... 


b 


@B 
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(a) zero, zero 

(b) zero, Bv(bc) with b positive 
(c) zero, Bv(bc) with a positive 
(d) Bv(bc) with c positive, zero 
(e) Bv(bc) with b positive, zero. 


Solution (c) Net emf and hence net current in a loop moved 
with uniform velocity is zero because ¢= constant and 


ae 
dt 


=Q. 


22. Two rail tracks are 1m apart and insulated from each 
other and insulated from ground. A millivoltmeter is 
connected across the railtracks. When a train travelling 
at 180 km/h passes through what will be the reading in 
millivoltmeter? Given: horizontal component of earth’s 
field V3 x 10“ Tand dip at the place 60°. 

(a) 1.5 mV (b) 15 mV 
(c) 2 mV (d) el mV 


B B 


(e) none of these 


Solution (b) Vertical component of the magnetic field will 
be cut. ¢ = B Iv and B, 


= B,, tand = 3 x 10¢T 
=3x10¢x1x50=15mV 


23. A copper wire of length Z is bent into a semicircle. It is 
moved with a velocity v in a region where magnetic field 
is uniform and perpendicular to the plane of the wire. If 
the strength of the field 1s B then emf induced is 


(a) Blv b BLS 
IT 


2l 
(c) B— v (d)-none of these 
T 


Solution (c)zr=1 


24. A small circular ring is kept inside a larger loop 
connected to a switch and a battery as shown. The 
direction of induced current when the switch is made 
(1) ON (ii) OFF after it was ON for a long time is 


O == 


(a) clockwise, anticlockwise 
(b) clockwise, clockwise 

(c) anticlockwise, clockwise 
(d) anticlockwise, anticlockwise 


Solution (a) Apply Lenz’s law. 
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25. A square loop of Cu of side a enters a magnetic field 
spread from —a to +a as shown in the Figure. Plot 
induced emf as a function of x. 


ZA... 


o a 2a 


— 2a -a 


Solution (bY. = at 

dx 

26. The armature of a demonstrator generator consists of 
a flat square coil of side 4 cm and 200 turns. The coil 
rotates in a magnetic field of 0.75 T. The angular speed 
so that a maximum emf of 1.6 V is generated is ..... 


(a) = rad/s (b) = rotations/s 


2 
(c) = rpm (d) none of these 
solution (a) £ „= NA Bo or 

= E MAX 
NA,B 

E 1.6 
200 x 16 x10°*(.75) 

_ 20 


= — rad/s 
3 
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27. The electric flux through a certain area of dielectric is 
8.76 x 10° £. The displacement current through the area 
is 12.9 pA at t = 26.1 ms. Find the dielectric constant 
of the material. 


(a) 2x 10° (b) 4x 10° 
(c) 8x 104 (d) 2x 107 
do 
Solution (a)i. = E or 
(a)i =€ pF 
lp 
e= 
do, 
dt 
-9 
s= —— POX i 108 


4(8.76) x10° x (26.1x10°)* 


28. Magnetic flux during time interval t varies through a 
stationary loop of resistance R as ġ, = at (t — t). Find 
the amount of heat generated during that time. Neglect 
the inductance of the loop. 


ar? ar 
a b 
(a) r. (b) 
ar? ar? 
d 
(c) 3R (d) n 
Solution (c) i= ae IR= a(t ~2t) 
dt R 


Heat produced H = f i Rat 


2 = 2 
H=f f (t 2t) ge 
0 R 3r 


29. Find the steady state current through L, in the Figure 


V, VL 
OR > R+) 
(c) Vols (d) none of these 


R(L,+L,) 


Vo a. . . 
Solution (c) Z, = = divide the current in L, and L, like 


L, 
L,+L 


1 2 


resistors [ = A 


30. Two identical galvanometers are joined by connecting 
wires. One of them is placed on the table and the other 
is held in the hand. One in the hand is shaken violently 
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so that it shows a deflection of 10 division. The reading 
in the other galvanometer (on the table) is 

(a) zero 

(b) 10 division 

(c) 5 division 

(d) insufficient data to reply. 


Solution (b) The one shaken voilently acts as a generater 
and the other reads the emf generated. 


31. A wire shaped as a semicircle of radius r rotates about 
the axis OO' with an angular velocity œ as shown in 
the Figure. Resistance of the circuit is R. Find the mean 
thermal power generated in the loop during a rotation 
period. 


Solution A = za’? coswt; ¢= BA = Bra coswt 


NE, > 4? R- Braosinat ang 
R dts R 
1 T R 2 2 
<P> = — Í Rat see 
T¢o 2R 


32. Along wire carries a current i. A rod of length /is moved 
with a velocity v in a direction parallel to the wire as 
shown in the Figure (a). Find the motional emf induced 


in the rod. 
v 
i v 
i 
dy 

— | —> — 

4— x — — y —> 
(a) (b) 

Mol My; x+1/2 
a) —l/ b) — vlo 
(a) 2x 0) 20 Be x—1/2 
(c) Mhi vlo x—1/2 (a) Hiv 1 l+x 

2ar “x4+1/2s 21 


Solution (b) Consider small element dy at distance y from 


the long wire as shown in the figure (b) B = L and 
, : 2m y 
emf in element dy is 


x+l/2 Hiv dy 


de = Bydy. Thus € = f 


x—l/2 Qn y 
Moly x+1/2 
21S e x—-1/2 
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33. A current in a 240 turn solenoid varies at 0.8 A/s. Find 
emf induced if the length of the solenoid is 12 cm and 
radius 2 cm 
(a) 6.14 x 10¢V 
(c) 3.07 x 10° V 


b) 6.4x103V 
(d) 3.07 x 104 V 


, di 
Solution (a) e = L2 
dt 

_ MN (ar*) di 

l dt 


Am x107” x(240)” x(z)(2x10°7)” x0.8 
12x10° 


=6.14x 107 V 


34. The magnetic field inside a 2mH inductor becomes 
0.8 of its maximum value in 20us when the inductor 
is joined to battery. Find resistance of the circuit. 

(a) 160Q (b) 8 Q 
(c) 320 Q (d) 240 Q 
(e) none of these 


Solution (a) i B. .. 
maximum value 


current also becomes 0.8 of its 


lo 


or 20x 10°= 


R= 100 x 2.303 (.6990) 
= 1602 


35. A wire bent as a parabola y= kx? is located ina uniform 
magnetic field of induction B, the vector B being 
perpendicular to the plane xy. At t= 0, sliding wire starts 
sliding from the vertex O with a constant acceleration a 
linearly as shown in the Figure. Find the emf induced 
in the loop. 


B 
QB ¥ 


a 


2a 
(a) By ia. 
Sa 
(c) By Ta 


4a 
(b) BYT 
a 
(d) By | 


Solution (c) dọ == 2B x dy and y = kx? 


-2 
x= |> 
k 
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d 
ateit o on fh 
dt k dt 


using v? = 2as 


dy 
—=y=,/2a 
dt ? 
or i= 2% =n ee 2ay 
dt k 


or lel=By = 


36. A long wire carrying current i is placed close to a u 
shaped conductor (of negligible resistance). A wire of 
length / as shown in the Figure slides with a velocity 
v. Find the current induced in the loop as a function of 
distance x from the current carrying wire to slider. 


1 vV 
Milu M,ilu 
a) —— b) —— 
(a) Rx (b) 27 Rx 
HM, ilu Lilu 
(c) —— (d) —— 
2Rx 4a Rxs 
J 
Solution (b) B= —°- ande = Biv = #*™ and 
21 XS 27 XS 
_ € _ Milu 
R 2nRx 


37. A square frame with side a as shown in the Figure 
is moved with a velocity v from a long straight wire 
carrying current J. Initial separation between straight 
long wire and square frame is x. Find the emf induced 
in the frame as a function of distance x. 


I 4—a— 
— vV 
x —> 
2 
(a) M,la'v (b) M,laxv 
20 x(x+a) 20 x(x+a) 
2 
ee (d) zero 
47x(x+a) 
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lav 
Solution (a) sı = Po 
2X 
H,lav 
and ¢,= — 
27 (x+a) 


Sit 81 E 


n 


PRACTICE EXERCISE 2 
(UNSOLVED) 


A cycle wheel with 64 spokes is rotating with N rotations 
per second at right angles to horizontal component of 
magnetic field. The induced emf generated between its 
axle and rim is E. If the number of spokes is reduced 
to 32 then the value of induced emf will be 
(a) E (b) 2E 

E E 
(c) 5 (d) Fi 
When a current of 5 A flows in the primary coil then 
the flux linked with the secondary coil is 200 weber. 
The value of coefficient of mutual induction will be 
(a) 1000H (b) 40H 
(c) 195 Henry (d) 205H 


The direction of induced current in a coil or circuit is 
such that it opposes the very cause of its production. 
This law is given by 


(a) Faraday (b) Kirchhoff 


(c) Lenz (d) Ampere 
The expression for induced charge in a coil is 
N 
(a) q=— Fi - #2) (b) q=R(O,-9,) 
NR 
eS (d) q=(4,-4,) 


When aconductor is rotated in a perpendicular magnetic 
field then its free electrons 

(a) move in the field direction 

(b) move at right angles to field direction 

(c) remain stationary 

(d) move opposite to field direction 


The maximum value of induced emf in a coil rotating 
in magnetic field does not depend on 

(a) the resistance of coil 

(b) the number of turns in the coil 

(c) the area of the coil 

(d) rotational frequency of the coil 


The coefficient of mutual induction between two coils 
is 4 H. If the current in the primary reduces from 5A 
to zero in 10~ second then the induced emf in the 
secondary coil will be 


10. 


11. 


12. 
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_HMfav\l 1l 
2a |x x+a 


_ M,la’v 

g 2æx(x+a) 

(a) 10V (b) 25 x 10° V 
(c) 2x104 V (d 15x10 V 


A transformer is used to 
(a) convert DC into AC 
(b) convert AC into DC 
(c) obtain the required DC voltage 
(d) obtain the required AC voltage 


When a conducting ring is moved in a magnetic field 
then the total charge induced in it depends on 

(a) initial magnetic flux 

(b) final magnetic flux 

(c) the rate of change of magnetic flux 

(d) the total change in magnetic flux 


When the number of turns per unit length in a solenoid 
is doubled then its coefficient of self induction will 
become 
(a) half 
(c) four times 


(b) double 
(d) unchanged 


The number of turns in the primary and secondary coils 
of a transformer are 100 and 300 respectively. If the 
input power 1s 60 watt the output power will be 

(a) 3 x 10° Watt (b) 20 Watt 

(c) 60 Watt (d) 180 Watt 


A magnetic field is directed normally downwards 
through a metallic frame as shown in the figure. On 
increasing the magnetic field 


x X xX X 


xXx XXXXX X 
x IX”XXXXX X 
x |X X XXX X 


X 
X 
X 
X 
X 
X 
X 


(a) plate B will be positively charged 

(b) plate A will be positively charged 

(c) none of the plates will be positively charged 
(d) all of the above 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


The coefficient of mutual induction between two coils 
is 1.25 H. If the rate of fall of current in the primary 
is 80 As-!, then the induced emf in the secondary coil 
will be 

(a) 100 V 
(c) 12.5 V 


(b) 64V 
(d) 0.016 V 


Same current is flowing in two identical coaxial 
circular coils. On looking at the coils from a point 
at the centre between them, the current in one coil 
appears to be flowing in clockwise direction. If the two 
coils are displaced towards each other, then the value 
of current 

(a) in each coil will decrease 

(b) in each coil will increase 

(c) in each coil will remain unchanged 

(d) nothing can be predicted 


A 1.2 m wide railway track is parallel to magnetic 
meridian. The vertical component of earth’s 
magnetic field is 0.5 Gauss. When a train runs on 
the rails at a speed of 60 Km/hr, then the induced 
potential difference between the ends of its axle 
will be 

(a) 107° V 
(c) 10° V 


(b) 2x 10# V 
(d) zero 


The number of turns in an air core solenoid of length 
25 cm and radius 4 cm is 100. Its self inductance 
will be 

(a) 5x 10H 
(c) 5.4 x 10° H 


(b) 2.5 x 104 H 
(d) 2.5 x 10°H 


Two coils P and Q are lying a little distance apart 
coaxially. If a current Z is suddenly set up in the 
coil P then the direction of current induced in coil 
Q will be— 


observer 


(b) towards north 
(d) anticlockwise 


(a) clockwise 
(c) towards south 


A straight copper wire is moved in a uniform magnetic 
field such that it cuts the magnetic lines of force. 
Then 

(a) emf will not be induced 

(b) emf will be induced 

(c) sometimes emf will be induced and sometimes not 
(d) nothing can be predicted 


A small straight conductor PQ is lying at right angles 
to an infinite current carrying conductor XY. If the 
conductor PQ is displaced on metallic rails parallel to 
the conductor XY then the direction of induced emf in 
PQ will be 


20. 


À. 


Lbs 


23: 
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X 


(a) from Q to P 

(b) from P to Q 

(c) vertically downwards 
(d) vertically upwards 


A conducting rod PQ is moving parallel to X-axis in a 
uniform magnetic field directed in positive Y-direction. 
The end P of the rod will become 


o 


B 


<] 


(b) positive 
(d) sometimes negative 


(a) negative 
(c) neutral 


Two coils P and Q are lying parallels and very close to 
each other. Coil P is connected to an AC source whereas 
Q is connected to a sensitive galvanometer. On pressing 
key K 


(a) small variations are observed in the galvanomenter 
for applied 50 Hz voltage 

(b) deflections in the galvanometer can be observed 
for applied voltage of 1 Hz to 2 Hz. 

(c) no deflection in the galvanometer will be observed 

(d) constant deflection will be observed in the 
galvanometer for 50 Hz supply voltage 


The dimensions of RC are 
(a) MLT! 
(c) M°L°T-! 


(b) MLT! 
(d) ML-T- 


A coil of insulating wire is connected to battery. If it 
is moved towards a galvanometer then its pointer gets 
deflected because 

(a) the coil behaves like a magnet 

(b) induced current is produced in the coil 
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24. 


25. 


26. 


27. 


28. 


29, 


30. 


31. 


32. 


(c) the number of turns in the galvanometer coil 
remains constant 
(d) none of the above 


The coefficient of self induction of a coil is given by 
dI edI 
L=|-— b) L=-— 
(a) í p ) (b) a 
€) b= (@) L-Z e 
edt 


When a coil of cross-sectional area A and number of 
turns N is rotated in a uniform magnetic field B with 
angular velocity w, then the maximum emf induced in 
the coil will be 


(a) BNA (b) = 
(c) BNA@ (d) zero 


Two inductance coils, of same self inductance, are 
connected in parallel and the distance between them is 
large. The resultant self inductance of the coil will be 


L 
(a) d 


(c) L 


(b) 2L 
L 
(d) S 


The resistance coils in a resistance box are made of 
double folded wire so that their 

(a) self induction effect in nullified 

(b) self inductance is maximum 

(c) induced emf is maximum 

(d) induced emf is zero 


If a spark is produced on removing the load from an 
AC circuit then the element connected in the circuit is 
(a) high resistance (b) high capacitance 
(c) high inductance (d) high impedance. 


The time constant in an L-R circuit is that time in which 
the value of current in the circuit becomes 


I) 
(a) J, (b) > 
(c) 63% I, (d) 37% I, 


The expression for the induced emf generated in a coil 
as a result of change in magnetic flux linked with it is 


dB dA 
a) e=-A— b) e=-B— 
(a) e a (b) e di 


(c) e= (ÄB) (d) e=“(AxB) 
dt dt 

The turns ratio (r) for a step-up transformer is 

(a) r<l (b) r=1 

(c) r>1 (d) r=0 


Eddy currents can be minimised by 
(a) using a laminated iron core 
(b) moving the conductor rapidly 
(c) moving the conductor slowly 
(d) using a metallic core 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 
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The cause of production of eddy currents is 
(a) the motion of a conductor in a varying magnetic 
field 
(b) the motion of an insulator in a varying magnetic 
field 
(c) current flowing in a conductor 
(d) current flowing in an insulator 


The correct relation between the impedance of 
secondary coil with that of primary coil is 


(a) Z=Z, 


2 N 2 
Z=Z (Ns d Zaz |—2 
©) Z, ata (d) Z, a4 


P 


The long distance transmission of electrical energy is 
done at 

(a) high potential and low current 

(b) low potential and high current 

(c) high potential and high current 

(d) low potential and low current 


Starter is used in 

(a) high power electric motors 
(b) low power electric motors 
(c) transformers 

(d) galvanometers 


If the turns ratio of a transformer is 2 and the impedance 
of primary coil is 250 W then the impedance of 
secondary coil will be 
(a) 1000 Q 
(c) 250 Q 


(b) 500Q 
(d) 1252 


Number of turns in a generator coil is 10. The area of 
this coil is 4 x 10m. This coil is rotating at the rate 
of 20 rotations/sec, about an axis lying in its own plane 
in a perpendicular magnetic field of 0.3 Tesla. The 
maximum emf induced in the coil will be 


(a) 30.2 V (b) Zero 
(c) 15.1 V (d) 60.4 V 
The efficiency of a transformer is 

(a) <l (b) n=l 
(c) q>1 (d) 4=0 


Which of the remain constant in a transformer? 
(a) current (b) potential 
(c) power (d) frequency 


If the current in the primary coil and number of turns 
in it are Z, and N respectively and the number of turns 
and current in the secondary are Ns and Is respectively 
then the value of N : N, will be 

(a) J.-J, (b) D: 

(c) 12: 1,° (d) 15: I 

A metallic circular ring is suspended by a string and is 


kept in a vertical plane. When a magnet is approached 
towards the ring then it will 
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43. 


44. 


45. 


46. 


47. 


48. 


49. 


H 


(a) remain stationary 

(b) get displaced away from the magnet 
(c) get displaced towards the magnet 
(d) nothing can be said 


A current is flowing in a wire C as shown in the figure. 
The force on this conducting wire will be 


C 
D 
(b) towards left 
(d) upwards 


(a) towards right 
(c) downwards 


The voltage in the primary and the secondary coils of a 
step up transformer are 200 V and 4 KV respectively. If 
the current in the primary is 1 ampere then the current 
in the secondary coil will be 

(a) 50mA (b) 500mA 

(c) SA (d) 5mA 


If 2.2 kilowatt power is being transmitted at 44 K V on 
a 20 Q line, then power loss will be 

(a) 0.1 watt (b) 1.4 watt 

(c) 100 watt (d) 0.05 watt 


The rate of change of magnetic flux density through a 
circular coil of area 10 m and number of turns 100 is 
103 Wb/m? /s. The value of induced emf will be 

(a) 102V (b) 10° V 

(c) 10 V (d) 10°V 


The magnetic fields through two identical rings made 
of copper and wood are changing at the same rate. The 
induced electric field in copper ring will be 

(a) more than that in the wooden ring 

(b) less than that in the wooden ring 

(c) finite and that in the wooden ring will be zero 

(d) same as that in the wooden ring 


The length of side of a square coil is 50 cm and number 
of turns in it is 100. If it is placed at right angles to 
such a magnetic field which is changing at the rate of 
4 Tesla/s then induced emf in the coil will be 

(a) 0.1V (b) 10V 

(c) 10 V (d) 100 V 


The number of turns in the primary and secondary coils 
of a step-down transformer are 200 and 50 respectively. 
If the power in the input is 100 watt at 1A then the 
output power and current will respectively be 


50. 


51. 


52; 


23, 


54. 


55. 
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(a) 100W,2A (b) 200 W,2A 
(c) 400 W,4A (d) 100W,4A 


A transformer changes 220 V to 22 V. If the currents 
in the primary and secondary coils are 10 A and 70A 
respectively then its efficiency will be 

(a) 100% (b) 90% 

(c) 70% (d) 80% 


If the magnetic field in the following figure 1s increased 
then 


x xX x x xX. x 
x IX xX X XIX 
x IX xX X XIX 
x IX xX X XIX 
x IX xX X XIX 
x IX xX X XIX 


X 
X 
X 
X 
X 
X 


(a) plate A of the condenser will get positively charged 
(b) plate B of the condenser will get positively charged 
(c) the condenser will not be charged 

(d) both the plates will be charged alternately 


An e.m f. of 15 volt is applied in a circuit of inductance 5 
henry and resistance 10 Q. The ratio of currents flowing 


at t =% and t=1 second will be 
1/2 2 


e e 
(a) e"? —] (b) e —] 


(d) e7 


(c) l-e! 


Two circular conducting loops of radii R, and R, are 
lying concentrically in the same plane. If R, > R, then 
the mutual inductance (M) between them will be 
proportional to 


R, R, 
(a) R, (b) R 
R? R? 
1 d 2 
(c) R (d) R 


A coil of area 80 cm? and number of turns 50 is rotating 
about an axis perpendicular to a magnetic field of 
0.05 Tesla at 2000 rotations per minute. The maximum 
value of emf induced in it will be 


(a) 200z volt (b) = volt 


4n 2 
c) — volt d) — volt 
(c) x (d) 7 


An athlete with 3 m long iron rod in hand runs towards 

east with a speed of 30 km/hour. The horizontal 

component of earth’s magnetic field is 4 x 105 Wb/ 

m°. If he runs with the rod in horizontal and vertical 

positions then the induced emf generated in the rod in 

two cases will be 

(a) zero in vertical position and 1 x 10° volt in 
horizontal position. 

(b) 1 x 10 volt in vertical position and zero volt in 
horizontal position. 
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56. 


57. 


58. 


59. 


60. 


61. 


62. 


(c) zero in both positions 
(d) 1 x 10° volt in both positions 


A copper disc of radius 0.1m rotates about its axis in a 
uniform magnetic field of 0.1 Tesla at 10 rotations per 
second. The plane of the disc remains normal to the 
magnetic field. The induced emf along the radius of 
the disc will be 


T 27 
— volt b) — volt 
(a) 10 vo (b) 10 vo 


(c) volt 


00 (d) 2 x volt 


The distance between the ends of wings of an aeroplane 
is 50 m. It is flying in a horizontal plane at a speed 
of 360 Km/hour. The vertical component of earth’s 
magnetic field at that place is 2.0 x 10 Wb/m?, then 
the potential difference induced between the ends of the 
wings will be 
(a) 0.1 volt 

(c) 0.2 volt 


(b) 1.0 volt 
(d) 0.01 volt 


The coefficients of self induction of two coils are L, = 
8 m H and L,= 2 m H respectively. The current rises in 
the two coils at the same rate. The power given to the 
two coils at any instant is same. The ratio of currents 
flowing in the coils will be 


a) 424 b) 1-4 
i, 4 i, 1 
() 4=2 @ 424 
i, 4 L 3 


In the above problem, the ratio of induced emf’s in the 
coils will be 


(a) “L=4 (b) -L= 1 
V, vA 4 
(c) = 1 (d) = i 
Vv; 2 vy 2 
In. Q. 91, the ratio of energies stored will be 
(ay) M- o) -4 
W, W, 4 
(c) — = 2 (d) Wo4 
W 4 TE. 


The number of turns in a coil of wire of fixed radius 
is 600 and its self inductance is 108 m H. The self 
inductance of a coil of 500 turns will be 
(a) 74mH (b) 75mH 
(c) 76mH (d) 77mH 


Two coils X and Y are lying in a circuit. The change in 
current in X is 2 ampere and change in magnetic flux 
in Y is 0.4 weber. The coefficient of mutual induction 
between the coils will be 
(a) 0.2 Henry 
(c) 0.8 Henry 


(b) 5 Henry 
(d) 0.4 Henry 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


pps 
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A millivoltmeter is connected in parallel to an axle of 
the train running with a speed of 180 Km/hour. If the 
vertical component of earth’s magnetic field is 0.2 x 
10+ Wb/m? and the distance between the rails is 1m, 
then the reading of voltmeter will 

(a) 10° volt (b) 10~volt 

(c) 10°volt (d) 1 volt 


The north pole of long horizontal bar magnet is carried 
towards a vertical conducting plane. The direction of 
induced current in the conducting plane will be 

(a) horizontal (b) vertical 

(c) clockwise (d) anticlockwise 


If the voltage applied to a motor is 200 volt and back 
emf is 160 volt, then the efficiency of the motor will be 
(a) 100% (b) 80% 
(c) 50% (d) 25% 


An inductance L and a resistance R are connected to a 
battery. After sometime the battery is removed but L 
and R remain connected in the closed circuit. The value 
of current will reduce to 37% of its maximum value in 


(a) RL second (b) = second 


(c) a second (d) = second 

The magnetic flux linked with a coil is 0< 8f + 3t+5 
Weber. The induced emf in fourth second will be 

(a) 16V (b) 139 V 

(ce) 67 V (d) 145 V 


The self inductance of a coil is 5 m H. If a current of 
2 A is flowing in it then the magnetic flux produced in 
the coil will be 
(a) 0.01 Weber 
(c) zero 


(b) 10 Weber 
(d) 1 Weber 


The magnetic flux in a coil of 100 turns increases by 
12 x 10° Maxwell in 0.2 second due to the motion of a 
magnet. The emf induced in the coil will be— 

(a) 6V (b) 0.6 V 

(c) 0.06 V (d) 60 V 


A proton enters a perpendicular magnetic field of 20 
Tesla. If the velocity of proton is 4 x 10” m/s then the 
force acting on it will be 
(a) 1.28 Newton 
(c) 12.8 Newton 


(b) 1.28 x 10-'! Newton 
(d) 12.8 x 10-" Newton 


A cylindrical bar magnet is lying along the axis of a 
circular coil. If the magnet is rotated about the axis of 
the coil then 

(a) emf will be induced in the coil 

(b) only induced current will be generated in the coil 
(c) no current will be induced in the coil. 

(d) both emf and current will be induced in the coil 


The quantity in electricity which is equivalent to mass is 
(a) L (b) C 
(c) R (d) I 
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13. 


74. 


75. 


Apt t 
(c) “Foto (a) #2 
a 81. 

76. Electric current is flowing in same direction in two 

coaxial coils. On increasing distance between the two 

coils the value of current will 

(a) decrease (b) increase 

(c) remain unchanged (d) nothing can be said. 
Answers to Practice Exercise 2 

1. (a) 2. (b) 3. (c) 4. (a 
8. (d) 9. (c) 10. (c) 11. (c) 

15. (o) 16. (b) 17. (a) 18. (b) 
22. (b) 23. (b) 24. (a) 25. (o) 
29. (c) 30. (c) 31. (c) 32. (a) 
36. (a) 37. (a) 38. (c) 39. (a) 
43. (d) 44. (a) 45. (d) 46. (d) 
50. (o) 51. (b) 52. (b) 53. (d) 
57. (b) 58. (a) 59. (a) 60. (b) 
64. (d) 65. (b) 66. (o) 67. (o) 
71. (c) 72. (a) 73. (d) 74. (c) 
78. (b) 79. (a) 80. (o) 81. (a) 


Eddy currents are not used in 77. 


(a) 
(b) 
(c) 
(d) 


speedometer of vehicles 
induction furnace 
electromagnetic damping 
diffraction of X-rays 


In the following figure the bulb will start lighting 
suddenly if 


(a) key is closed 

(b) key is opened 

(c) key is either closed or opened 
(d) nothing is done 


A coil of area A 5 is lying in such a magnetic field whose g0. 


value changes from B, to 4 B, in t seconds. The induced 
emf in the coil will be 


78. 


79. 
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If the number of turns in a coil is N then the value of 
self inductance of the coil will become 

(a) Ntimes (b) N times 

(c) N” times (d) N° times 


The value of mutual inductance can be increased 
by 
(a) 
(b) 
(c) 
(d) 
The value of coefficient of mutual induction for 


the arrangement of two coils shown in the figure 
will be 


decreasing N 

increasing N 

winding the coil on wooden frame 
winding the coil on china clay 


(b) maximum 
(d) positive 


(a) zero 
(c) negative 


Aconducting rod of length L is falling with velocity 
V in a uniform horizontal magnetic field B normal 
tothe rod. The induced emf between the ends the 
rod will be 


(a) 2 BVI (b) zero 
(c) BIV (d) — 


A coil of area 0.01m? is lying in a perpendicular 
magnetic field of 0.1 Tesla. If a current of 10 A is 
passed in it then the maximum torque acting on the 
coil will be 


(a) 0.01 N/m (b) 0.001 N/m 

(c) 1.1 N/m (d) 0.8 N/m 
5. (b) 6. (a) 7. (c) 
12. (a) 13. (a) 14. (a) 
19. (c) 20. (b) 21. (b) 
26. (d) 27. (a) 28. (c) 
33. (a) 34 (c) 35. (a) 
40. (d) 41 (b) 42. (b) 
47. (d) 48. (d) 49. (d) 
54. (c) 55, (c) 56. (c) 
61. (b) 62. (a) 63. (c) 
68. (a) 69. (c) 70. (d) 
75. (c) 76. (b) 77. (b) 
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Waves 


CHAPTER HIGHLIGHTS 


Electromagnetic waves and their characteristics. Transverse nature of electromagnetic waves. 


Electromagnetic spectrum (radio waves, microwaves, infrared, visible, ultraviolet, Xrays, gamma rays). 
Applications of E.M. waves. 


BRIEF REVIEW Properties of Hectromagnetic Waves 

. l (a) Though em waves are generated due to variation of 
Assume electric field E = E, sin (@t— kx) and magnetic field electric or magnetic fields, the waves themselves do 
B = B sin (œt — kx) vary with distance x and time t in YZ not carry any charge. 


plane. Such a combination of electric and magnetic fields in 
vacuum is known as an electromagnetic wave propagating 
along x direction in vacuum. Maxwell, in 1864, developed 


(b) These waves are not deflected by electric or 
magnetic fields. 


the theory of em waves. (c) These waves travel with speed of light c in vacuum. 
Maxwell's Equations Maxwell combined four equations (d) These waves can pass through vacuum as no 
connecting electric and magnetic fields. These are now medium is required for their propagation. 
popularly called Maxwell’s equations. (e) They are only transverse in nature. 
$ E Oe Q Gauss 1a Metz tatics (©) They affect photographic plate (blackening it if 
Eo wavelength < wavelength of red light). 
-dÉ ing (g) Their rest mass is zero but they possess momentum. 
E-dl = ——= i , 
p dt Rey's law (h) They can be polarised. 


 B- ds = 0 Gauss law in magnetism l 
Relation Between Eand B 


l 


E.=Bcandc= Woks 
do 0 0 HoEo 


=ui +uUE i 
Oc 0 0 dt 


$B -dl = u ic + ui, modified Ampere’s law 


where u, = 42 x 107” T-mA`' 
e, = 8.85419 x 10 CN'm> wavelength À = 
where f 1s frequency. 


E 


C 
where i, = & is displacement current. f 


C 


d a 
In vacuum 1, = 0 ~. B- dl = His = Myf, at Refractive index n = Jue, or yv = ie 


conduction current 
Edp  dlqp) 
t 


or i= m = is displacement current. H Ju, , momentum p = — where U = m,c’ is energy. 
C 


In a travelling electromagnetic wave E VEE, = 


15.2 


When the wave reflects, momentum becomes —ve 
ower 2 Power 


Force F = (in absorbing bodies) and F = 
c 
(in reflecting bodies like mirror). 
l 
T E 2 
Intensity J = z Eo Eg € and 
l B 
density u= = £, E? = — 
energy density u= = £, E$ Zu, 
l op, BH Zz B° 
= = + —— = — + 
ae 2° 2° * oy 


Flow density of electromagnetic energy or Poynting 


oe ee ] OOS 
Vector P= ExH = A (ExB) this describes rate of 
0 


energy flow per unit area in a plane electromagnetic wave. 
Unit of P = Wm or P| = FoBo power per unit area. 
2M 
Energy flow density of electric dipole radiation in a 


sin’ 0 . 
z~ where r is the distance from the 
r 


far field zone varies 
dipole, and @ is the angle between the radius vector r and 
axis of the dipole. 
Radiation power of a dipole with dipole moment p(t) 
and of a charge g moving with an acceleration a is 
p o l 2p 1 2q°a? 
radiation “Age, 3c) 4ae, 3c? 


If h is the height of antenna then program can be 
received upto a radius of r= /2hR where R is radius of 
the earth. 


r 
h+ R NZ 


Fig. 15.1 Radius upto which transmission 
can be received 


Short Cuts and Points to Note 


1. Electromagnetic waves are transverse waves 
produced due to variation of electric and magnetic 
fields held perpendicular to one another. Wave 
propagates perpendicular to both electric and 
magnetic fields. 


If E = E, sin (@t — kx) varies in y-direction and 
B_= B sin (@t— kx) varies in z-direction, then wave 
progresses in x-direction. 


2. Maxwell equations in vacuum are 


Q | _ 
pE-ds e ÈB -as =0 


(oe) 


10. 


l 
» Intensity J= 7 S E; c and E, = B,c and c = 


E 
. Impedance of free space z, = a = 37/52 = 
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AP na netic do è 
pE-dl = z $B-al = Hoe = ad 


The electric field so generated is non-conservative. 
Note that in vacuum conduction current is zero. 
Therefore only displacement current remains. 


. Force experienced by electomagnetic wave 


P 
F= O fora totally absorbing surface. F = 
C 
P tasoa 4 Where P aago 1S radiation pressure and A 
is area. 
2P 
pe" fora perfectly reflecting surface. 
C 
U Energy i 
. Momentum p= — = for totally absorbing 


2U 
surface and p= —— for totally reflecting surface 
C 


. Average energy density 


U 


average E- 


0 


2M, 


l 
= = — E 
: Volume 2 Co Eo 


Me, 
Note that refractive index n = jue, ore œ n? 


C 
. Phase velocity v = -== ; 
M,E, 


E, ] 


w 
c=fAz= — = = = -m is independent of 
J k B, E p 


wavelength or frequency 


. In a wave guide v, = 


phase 


v _ =c,/l—-| — 
group Ia 


V phase 


(S) 


Guide wavelength Ag = F 
E 


Cut off wavelength 2. = 2a 


- fee ee 
Poynting vector P = ral xB]. It describes 


0 


power flowing per unit area and power = $P -dA 
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Il. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19, 


=~ EB : 2 
Intensity Z = < P > = —— = Boc Eo . It 
2o = 2My 2c 


describes average power flowing per sec or intensity. 


Another form of Maxwell’s equation (differential 
form) 

- OB _— — — | D 
Veo So Ve HOV ea SJE 


Radius upto which transmission can be received 
from an antenna of height h r= J/2Rh 


ee AA V Af y 
Doppler’s effect in light —— = — or — = — 
A c f c 
u —u 
Relative velocity v = Lo 
Malls 
c? 


Energy flow density of electric dipole radiation in 
n’ 8 


r 


a far field zone ~ 


Radiation power of an electric dipole with 
momentum p(t) and charge q moving with an 


l 2p 
acceleration a is P asion = ATE, 3c? 


7 l 2q’a° 
— Ane, 3e 


Radiation Pressure 


I; 
_. = — if surface is absorbing 
radiation C 


F 


21. 
aa if surface is totally reflecting, where 
I is intensity. 
In standing em wave, nodal planes occur at x = 0, 


A, a for electric field (Foo) and antinodal 


planes for magnetic field (B = max). Antinodal 


planes of electric field (E = max) occur at x = 

3A 5A 
A ? 

(B = 0) Note that standing em waves are formed in 

wave guides or cavities. 


T’ 


... and are nodal planes for magnetic field 


Visible spectrum 

400—440 nm violet 
480—560 nm green 
590—630 m orange 


em wave spectrum 


440—480 nm blue 
560-590 nm yellow 
630-700 nm red. 


Micro wave 
Radio waves 


10-2 10-° 10-7 10-5 10-3 Im 10m A 
Caution 
1. Assuming that since rest mass is zero, Therefore 
em wave cannot have any momentum. 
Energy U ! 
= Momentam = = — for absorbing surface 
C č 
2U 
and — for reflecting surface. 
C 
2. Applying ordinary laws of relative velocity for 
photons or for particles moving with speed close 
to c. 
= Apply special theory of relativity in such cases. 
3. Considering electromagnetic waves do not exert 
any force as they do not possess mass. 
Power ; 
=» T- for totally absorbing surface and 
È 
F= A for perfectly reflecting surface. 
C 
4. Assuming that even in a wave guide em wave travels 
with c. 
= Ina wave guide they travel with group or phase 
velocities. 
5. Not remembering the modification made by 
Maxwell in Ampere’s Law 
do 
=> f B.dl = Mit Hof, a i, + ui, The second 
term in the equation is a modification. It gives 
displacement current (in vacuum). 
6. Confusing energy density and intensity. 
= Energy density is average energy per unit volume 
] By 
u = -6E — L 
2 2M, 
while intensity is rate of flow of average energy 
l 
per unit area. I = 7 EEo C 
7. Confusing Poynting vector with intensity. 
= Poynting vector gives instantaneous rate of flow 


of energy per unit area carried by em waves. Since 
the frequency of em waves is quite large, it is 
very difficult to notice the variation with time. We 
therefore define intensity. Intensity gives rate of 
flow of average energy per unit area. 


15.4 


PRACTICE EXERCISE 1 
(SOLVED) 


A radiation of 200 W is incident on a surface which is 
60% reflecting and 40% absorbing. 


(a) 1.3 x 10°N (b) 1.07 x 10% N 
(c) 1.07 x 107 N (d) 1.3 x 107 N 


The < | p| > for a standing wave is 


(a) zero (b) BoBo 
2 ly 
My 


What amplitude of electric/magnetic field is required 
to be transmitted in a beam of cross-section area 
100 m? so that it is comparable to electric power 
of 500 kV and 10? A? 


A straight coaxial cable of negligible active resistance 
is receiving energy from a constant voltage source V. 


EXPLANATIONS 


l2p O4p 1.6p 


(b) Fia” Pe + Fs = 


C C C 
1.6x 200 
= 108 = 1.07 x 10° 
(a) 
Le 
z Fo #0 ¢ 
A=5x 108 
op tg BP -NNE & 102 
2 °° 3xI10*x100 3 


E 10" = 6.125 x 10°N/ 
E= \3x8.85x107 7 16 IO NG 


E,  6.125x10! 
B = — = =~ — =208x 10“T 
o g 3x10 
K 


Let electric field from Gauss’s law be E = 
r 


and V= | -E,ar = K log, h 


V 


or K= 


and E = 


r- D 
log, + r log, — 
r h 
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Current consumed is Z. Find energy flux across the 
cross-section. Assume conductive sheath to be thin. 


Consider that the space between the parallel plates of 
a capacitor has vacuum. The places are connected to 
a battery of emf and internal resistance R at t = 0. If 
V is the potential difference between the plates, J, is 
. V 
displacement current and we define R,= — then show 


l 
that R = R (e/*=1), i 


H = ~— using Ampere’s circuital law 
0 2Qn7Fr 8 P 


Poynting vector p acts along z-axis and is non zero in 
the region (r,<r<r,). The total power flux is 


= | ——— _2nardr = IV 


r _ 4 _ Yd eRe) 
li Qo, HRA 
RC 
= R (e"™ — 1) using 
Q=Q,(1- e" 
dQ i Qo pe 
— =] = — 
dt RC 
isi = Qo Poi 
° RC 
i= ~ e We 
2 _y 


| Electromagnetic Waves 


PRACTICE EXERCISE 2 
(SOLVED) 


1. A cube of edge a has its edges parallel to x,y and 
Z-axis of rectangular co-ordinate system. A uniform 
electric field E is parallel to y-axis and a uniform 
magnetic field 1s parallel to x axis. The rate at which 
energy flows through each face of the cube is 


Y 


E x 


> 
= 


(a) zero in all faces 


(b) parallel to xy plane face and zero in others 
0 
"EB | 
(c) parallel to xy plane face and zero in others 
My 
(d) nee all faces 
2 llo 


Solution (c) P= TE x B | gives the clue that energy 
Hy 


= 


B. 
flowing per second = in faces parallel to xyplane 


and zero in all others. 


2. The amplitude of electric fieldin a parallel light beam 
of intensity 4 Wm” is 


(a) 35.5 NC7 (b) 45.5 NC- 

(c) 49.5 NC* (d) 55.5 NC- 
l o 21 
Solution (d) /= z &Eoc or w = | 
Ee 


_ fxd 
~ V885x10" x3x108 


3. (A) Assertion: The energy E and momentum p of a 
E 
photon are related as p = —. 
c 


(R) Reason: The photon behaves like a particle. 

(a) Both A and R are correct and R is correct 
explanation of A. 

(b) Both A and R are correct but R is not correct 
explanation of A. 

(c) A is correct but R is wrong. 

(d) Neither is correct. 

[AIIMS 2005] 


Solution (a) 


4. (A) TV signals are received through sky wave 
propagation 
(R) Ionosphere reflects em waves of frequencies > a 
critical frequency 
(a) Aand R are correct and R explains A. 
(b) A and R are correct but R does not explain A. 
(c) Ais correct but R is wrong 
(d) Neither is correct. 
[AIIMS 2005] 


Solution (d) 


5. IfA,A,, A, represent the wavelengths of vision, x-ray 
and microwaves respectively then 
(a) A >A DA, (b) A_>A >A, 
(c) AD>ADA_ (d) A >A >A, 


Solution (b) 


6. Electrical conductivity of a semiconductor increases 
when em radiation of A < 2480 nm 1s incident on it. 
The band gap in (ev) for the semiconductor is 


(a) lleV (b) 2.5 eV 
(c) 0:7 eV (d) 0.5 eV 
[AIEEE 2005] 
1240 1240 
d) E = = — =05eV. 
Solution (d) E, A(nm) ~ 2480 e 


7. Infrared radiation was discovered in 1860 by 
(a) William Wallaston (b) William Herschel 
(c) William Roentgen (d) Thomas Young 
[CET Karnataka 2005] 


Solution (b) 


8. A radio wave of frequency 90 MHz (FM) enters a 
ferrite rod. In ¢ = 10° and u = 10 then the velocity and 
wavelength of ferrite are 
(a) 3 x 10° mst, 3.33 x 10?m 
(b) 3 x 10°ms*™, 3.33 x 10 m 
(c) 3 x 10°ms7, 3.33 x 10°m 
(d) none of these 


c 3x10 
Solution (a) v.. = = -=== =3 10° ms! 
EM, 10° x10 
À V ferrite 3x10% = 3 33 102 
ferrite f 90x 10° 53.33 X m 


9. In a wave E,= 100 Vm". Find the Poynting vector 
magnitude. 


(a) 13.25 Wm? (b) 26.5 Wm 
(c) 18.25 Wm- (d) 19.7Wm2 
Solution ©) B= Ë lal- -2 
olution ar 
10° 
= 26.5 Wm”? 


~ 3x10°x4r x10" 
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10. A radio station on the surface of the earth radiates 
50 kW. If transmitter radiates equally in all directions 
above the surface of earth find the amplitude of electric 
field detected 100 km away. 

(a) 2.45 Vm" (b) 2.45 x10? Vm" 
(c) 2.45 x 107 Vm" (d) 2.45 x 10° Vm" 


P 
Solution ()/= aa because emission is hemispherical 
r 


iI- eE iP 
eal 2 ar’ 
p- |- [Sox 
0 Vectr? 1885x101? x3x 108 x 10" 
= 2.45 x 102 Vin 


11. Find the radiation pressure of solar radiation on the 
surface of earth. Solar constant is 1.4 kW m7 
(a) 4.7 x 10° Pa (b) 4.7 x 10° Pa 
(c) 2.37 x 10% Pa (d) 9.4 x 10% Pa 


Solution (b) P = =4.7 x 10% Pa 


12. An earth-orbiting satellite has solar energy collecting 
panel with total area 5 m°. If solar radiations are 
perpendicular and completely absorbed find the average 
force associated with the radiation pressure. 


(a) 2.33 x 10°N (b) 2.33 x 10°N 
(c) 2.33 x 10“N (d) 2.33 x 107N 


Solution (a) Power = I Area = 1.4 x 10°x 5 


Power 1.4x10°x5 


and F= = z 
C 3x10 


= 2.33 x10” N 


13. Find the cut off wavelength in a waveguide of two 
parallel walls 1.5 cm apart. Where is E = 0 and where 
is E = maximum? 


Solution ^c =2a = 2 x 1.5=3 cm 


E = 0 at walls as half wavelength points occur there at 
wall. E = max in the middle of the walls as 4/4 planes 
occur there. 


14. A radio transmitter transmits at 830 k Hz. At a 
certain distance from the transmitter magnetic field 
has amplitude 4.82 x 10-'' T. Find electric field and 
wavelength. 

(a) 14.46 x 10° NC, 35 m 
(b) 14.46 x 1OP NC, 350 m 
(c) 1.45 x 10” NC, 35 m 
(d) none of these 


Solution (b) E= Bc = 4.82 x 10-" x 3 x 108 
= 14.46 x 10 NC- 
c 3x108 


A= = ————_ 
f 83x10 


=3.5 x 10° m. 


15. An intense light source radiates uniformly in all 
directions. At a distance 5 m from the source, the 
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radiation pressure on absorbing surface is 9 x 10% Pa. 
Find the total average power output. 

(a) 8.5 x10° W (b) 6.5 x 10° W 

(c) 8.5 x 10° W (c) 6.5 cx 10° W 


I 
Solution (a) p= z and Power = I 4rr =p aX C4ar 


=9 x 10° x 3 x 108 x 12.56 x 25 
=8.5 x 10° W 


16. A bank of overhead arc lamps can produce a light 
intensity of 2500 Wm” in the 25 ft space stimulator 
facility at NASA. Find the average momentum density 
of a total absorbing surface. 

(a) 8.33 x 10°%kgm’s! (b) 8.33 x 10°‘“*kgm’s"! 
(c) 2.78 kgms! (d) 2.78 x 1074kgm~>s7! 


Lo, 
Solution (d) 7 = Ja c and energy density 


I , I 
= —, momentum density = — 
C 


„EÍ 2500 


oxo = 2.78 x 107 kgms- 
C xX 


17.. Astanding em wave frequency 2.2 x 10" Hz is produced 
ina certian material and nodal planes of magnetic field 
are 3.5 mm apart. Find wavelenth and speed of the wave 
in this material. 

(a) 2.81 x 108 ms“! 
(c) 3.08 x 108 ms! 


(b) 1.79 x 108 ms“! 

(d) 1.54 x 108 ms“! 
A 

Solution (d) ra 3.5mm A=7.0mm 


v = fa =2.2 x10" x 0.7 x 10° 
= 1.54 x 108 ms! 
18. Which of the following rays is emitted by a human 


body? 
(a) x-rays (b) visible rays 
(c) uvrays (d) IR rays 


(e) none of these 


Solution (d) IR because temperature of the body is 


37°C and it emits heat radiation which falls in ZR and 
microwave region. 


19. Which of the following waves is used in Raman 


spectroscopy? 
(a) uv (b) x-rays 
(c) y-rays (d) IR 


Solution (d) 


20. Which of the following relations is correct for em 


waves? 

E 1 E OE (22) 
a a" or D ae =Car 
E OE _ COE a E _ OE 

ôx ar or” 


Solution (c) 
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PRACTICE EXERCISE 3 
(UNSOLVED) 


An electric field E and a magnetic field B exist ina 

region. The fields are not perpendicular to each other. 

(a) This is not possible. 

(b) No electromagnetic wave is passing through the 
region. 

(c) Anelectromagnetic wave may be passing through 
the region. 

(d) An electromagnetic wave is certainly passing 
through the region. 


Consider the following two statements regarding a 

linearly polarised, plane electromagnetic wave: 

(A) The electric field and the magnetic field have equal 
average values. 

(B) The electric energy and the magnetic energy have 
equal average values. 

(a) Both A and B are true. 

(b) Ais false but B is true. 

(c) B is false but A is true. 

(d) Both A and B are false. 


A free electron is placed in the path of a plane 

electromagnetic wave. The electron will start moving 

(a) along the electric field 

(b) along the magnetic field 

(c) along the direction of propagation of the wave 

(d) in a plane containing the magnetic field and the 
direction of propagation 


A plane electromagnetic wave is incidenton a material 
surface. The wave delivers momentum p and energy E. 
(a) p=0,E +0. (bì) pe 0, E=\%. 

(c) p#0, E40. (d). p=0, EF O. 

An electromagnetic wave going through vacuum is 
described by E = E sin(kx — of). 

Which of the following is/are independent of the 


wavelength ? 
(a) k 


w 
(c) T 


(b) œ 
(d) ko. 


Speed of electromagenetic waves is the same 
(a) for all wavelengths (b) in all media 
(c) for all intensities (d) for all frequencies 


The energy contained in a small volume through which 
an electromagnetic wave is passing oscillates with 

(a) zero frequency 

(b) the frequency of the wave 

(c) half the frequency of the wave 

(d) double the frequency of the wave 


If E and B are the electric and magnetic field vectors of 
electromagnetic waves then the direction of propagation 
of electromagnetic wave is along the direction of 


10. 


11. 


IA 


13. 


14. 


15. 


16. 


(b) B 
(d) none of these 


(a) E 
(Cc) ExB 


The charge on a parallel plate capacitor is varying as 
q = q, sin 26nt. The plates are very large and close 
together. Neglecting the edge effects, the displacement 
current through the capacitor 1s 


(a) 2 (b) do sin 2p nt 
E&A Ey 
mnq 


(c) 2 p nq cos 2p nt (d) ° cos 2p nt 


0 
The value of magnetic field between plates of capacitor, 
at distance of 1| mfromcentre where electric field varies 
by 10° V/m/s will be 


(a) 5.56T 
(c) 5.56 mT 


(b) 5.56 uT 
(d) 55.6nT 


Electromagnetic waves do not transport 
(a) energy (b) charge 
(c) momentum (d) information 


A capacitor is connected in an electric circuit. When 
key is pressed, the current in the circuit is 

(a) zero 

(b) maximum 

(c) any transient value 

(d) depends on capacitor used 


Displacement current is continuous 

(a) when electric field is changing in the circuit 
(b) when magnetic field 1s changing in the circuit 
(c) in both types of fields 

(d) through wires and resistance only 


Instantaneous displacement current IA in the space 
between the parallel plates of | uF capacitor can be 
established by changing the potential difference at the 
rate of 

(a) 0.1 V/s 
(c) 106 V/s 


(b) 1 V/s 
(c) 10° V/s 


The magnetic field between the plates of a capacitor 
when r > R is given by 


(a) Zr œ) MOlo 
272 R° 27aR 

(c) uD (d) zero 
2ar 

The magnetic field between the plates of a capacitor is 
Mir 

u,ir given by B= aR? when 

(a) r>R (b) r#R 

(c) r<R (d) r=R 
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17. 


18. 


19, 


20. 


21. 


AA 


23. 


24. 


25. 


The conduction current is the same as displacement 
current when the source is 

(a) AC only 

(b) DC only 

(c) both AC and DC 

(d) neither for AC nor for DC 


The wave function (in SI units) for an electromagnetic 
wave is given as 

w(x, A = 10° sin p (3 x 10°x-—9 x 10A. The speed of 
the wave is 

(a) 9x 10% m/s 
(c) 3 x 10° m/s 


(b) 3 x 108 m/s 
(d) 3 x 10’ m/s 


In the above problem, wavelength of the wave is 


(a) 666 nm (b) 66.6 um 
(c) 666 um (d) 6.66 nm 
Maxwell ’s four equations are written as 
. m7, — fo 
(i) OE.ds = = 
Pio 
(ii) $ Bds =0 


(iii) $ E.dl = Lg B.ds 


(iv) $Ëds= me Eds 


The equations which have sources of field are 

(a) (1), (41), Gi) (b) @), G1) 

(c) (i) and (111) only (d) (1) and (iv) only 

Out of the above four equations, the equations which 
do not contain source field are 


(a) (1) and (11) (b) (1) only 
(c) all of four (d) .G11) only 


Out of the four Maxwell’s equations above, which one 
shows non-existence of monopoles? 

(a) (1) and (iv) (b) (11) only 

(c) (111) only (d) none of these 


Which of the above Maxwell ’s equations shows that 
electric field lines do not form closed loops? 

(a) (i) only (b) (ii) only 

(c) (an) only (d) (iv) only 


In an electromagnetic wave, the average energy density 
is associated with 

(a) electric field only 

(b) magnetic field only 

(c) equally with electric and magnetic fields 

(d) average energy density zero 


In an electromagnetic wave, the average energy density 
associated with magnetic field will be 


l B’ 
= LF b) — 
(a) 5 O Si 
l P lu 
— u B* ay = 
(c) 5 Hy ( ) 2 B? 


26. 


2l: 


28. 


29; 


30. 


31 


32. 


33. 


34. 


35. 


36. 
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In the above problem, the energy density associated 
with the electric field will be 


l lq 

— CY, b) —— 
(a) 5 (b) T 

l e? l 9 

Zo d =e E° 
(c) 3 F (d) 7 e0 


If there were no atmosphere, the average temperature 
on earth surface would be 
(a) lower 
(c) same 


(b) higher 
(d) 0°C 


In which part of earth’s atmosphere is the ozone layer 
present? 

(a) Troposphere 
(c) Ionosphere 


(b) Stratosphere 
(d) Mesosphere 


Kenneley’s Heaviside layer lies between 
(a) 50 Km to 80 Km (b) 80 Km to 400 Km 
(c) beyond 110 Km (d) beyond 250 Km 


The ozone layer in earth’s atmosphere is crucial for 
human survival because it 

(a) has ions 

(b) reflects radio signals 

(c) reflects ultraviolet rays 

(d). reflects infrared rays 


The frequency from 3 x 10° Hz to 3 x 10!° Hz is 
(a) high frequency band 

(b) super high frequency band 

(c) ultra high frequency band 

(d) very high frequency band 


The frequency from 3 to 30 MHz is known as 
(a) audio band 

(b) medium frequency band 

(c) very high frequency band 

(d) high frequency band 


The AM range of radiowaves has frequency 
(a) less than 30 MHz (b) more than 30 MHz 
(c) less than 20000 Hz (d) more than 20000 Hz 


The displacement current flows in the dielectric of a 
capacitor when the potential difference across its plates 
(a) becomes zero 

(b) has assumed a constant value 

(c) 1s increasing with time 

(d) is decreasing with time 


Select wrong statement from the following: 
Electromagnetic waves 

(a) are transverse 

(b) travel with same speed in all media 

(c) travel with the speed of light 

(d) are produced by accelerating charge 


The waves related to telecommunication are 
(a) infrared (b) visible light 
(c) microwaves (d) ultraviolet rays 
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37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


Electromagnetic waves do not transport 
(a) energy (b) charge 
(c) momentum (d) information 


The nature of electromagnetic wave is 
(a) longitudinal (b) longitudinal stationary 
(c) transverse (d) transverse stationary 


Greenhouse effect keeps the earth surface 
(a) cold at night (b) dusty and cold 
(c) warm at night (d) moist 


A parallel plate capacitor consists of two circular 
plates each of radius 12 cm and separated by 5.0 
mm. The capacitor is being charged by an external 
source. The charging current is constant and is equal 
to 0.15 A. The rate of change of potential difference 
between the plates will be 
(a) 8.173 x 10’ V/s 

(c) 1.873 x 10° V/s 


(b) 7.817 x 108 V/s 
(d) 3.781 x 10! V/s 


In the above problem, the displacement current is 
(a) 15A (b) 15A 
(c) O.ISA (d) O.OISA 


The wave emitted by any atom or molecule must have 
some finite total length which is known as the coherence 
length. For sodium light, this length is 2.4 cm. The 
number of oscillations in this length will be 

(Given: A = 5900) 
(a) 4.068 x 10° 
(c) 4.068 x 107 


(b) 4.068 x 10° 
(d) 4.068 x 108 


In the above problem, the coherence time will be 
(a) 8x 10°%s (b) 8x 10°s 
(c) 8x 10s (d) 8x 10s 


A parallel plate capacitor made of circular plates each 
of radius R = 6 cm has capacitance C = 100 pF. The 
capacitance is connected to a 230 VAC supply with 
an angular frequency of 300 rad/s. The rms value of 
conduction current will be 
(a) 5.7 pA 

(c) 9.6 uA 


(b) 6.3 uA 
(d) 6.9 uA 


In the above problem, the displacement current will 
be 

(a) 6.9 uA 
(c) 6.3 uA 


(b) 9.6 uA 
(d) 5.7 uA 


In Q. 44, the value of B at a point 3 cm from the axis 
between the plates will be 
(a) 1.63 x 108 T 
(c) 1.63 x 10° T 


(b) 1.63 x 10° T 
(d) 1.63 x 10" T 


A plane electromagnetic wave of frequency 40 MHz 
travels in free space in the X-direction. At some point 
and at some instant, the electric field has its maximum 
value of 750 N/C in Y-direction. The wavelength of the 
wave is 

(a) 3.5m 
(c) 7.5m 


(b) 5.5m 
(d) 9.5m 


48. 


49. 


50. 


51. 


52. 


Js 


54. 


53. 


56. 


57. 


58. 
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In the above problem, the period of the wave will be 
(a) 2.5 us (b) 0.25 us 
(c) 0.025 us (d) none of these 


In Q. 47, the magnitude and direction of magnetic field 
will be 

(a) 2.5 uT in X-direction 

(b) 2.5 uT in Y-direction 

(c) 2.5 uT in Z-direction 

(d) none of these 


In Q. 47, the angular frequency of emf wave will be 
(in rad/s) 


(a) 8p x 10’ (b) 4p x 10° 

(c) 2p x 10° (d) mx 104 

In Q. 47, the propagation constant of the wave will be 
(a) 8.38 m“! (b) 0.838 m“! 

(c) 4.19 m“ (d) 0.419 m“ 


The sun delivers 10? W/m? of electromagnetic flux to 
the earth’s surface. The total power that is incident on 
a roof of dimensions 8 m x 20 m, will be 

(a) 6.4 x 10°W (b) 3.4x 10*W 

(c) 16x 10° W (d) none of these 


In the above problem, the radiation force on the roof 
will be 

(a), 3.33 x 1OPN 
(c) 7.33 x 10> N 


(b) 5.33 x 104N 
(d) 9.33 x 102 N 


In Q. 52, the solar energy incident on the roof in | hour 
will be 

(a) 5.76 x 108J 
(c) 5.76 x 10°J 


(b) 5.76 x107J 
(d) 5.76 x 105J 


The sun radiates electromagnetic energy at the rate of 
3.9 x 10%% W. Its radius is 6.96 x 108m. The intensity 
of sunlight at the solar surface will be (in W/m’) 

(a) 1.4 x 104 (b) 2.8 x 10° 

(c) 4.2 x 10° (d) 5.6 x 10’ 


In the above problem, if the distance from the sun to 
the earth is 1.5 x 10''m, then the intensity of sunlight 
on earth’s surface will be (in W/m?) 

(a) 1.38 x 10° (b) 2.76 x 104 

(c) 5.52 x 10° (d) none of these 


A laser beam can be focussed on an area equal to the 
square of its wavelength. A He-Ne laser radiates energy 
at the rate of 1m W and its wavelength is 632.8 nm. The 
intensity of focussed beam will be 

(a) 1.5 x 10° W/m? (b) 2.5 x 10? W/m? 

(c) 3.5 x 10!’ W/m? (d) none of these 


A flood light 1s covered with a filter that transmits 
red light. The electric field of the emerging beam is 
represented by a sinusoidal plane wave E = 36 sin 
(1.20 x 107z +6 x 105A V/m. The average intensity 
of the beam will be 
(a) 0.86 W/m? 

(c) 3.44 W/m? 


(b) 1.72 W/m? 
(d) 6.88 W/m? 
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59. 


60. 


An electric field of 300 V/m 1s confined to a circular 
area 10 cm in diameter. If the field is increasing at the 
rate of 20 V/m/s, the magnitude of magnetic field at a 
point 15 cm from the centre of the circle will be 

(a) 1.85 x 10 "T (b) 1.85 x 10ST 

(c) 1.85 x 10 1T (d) 1.85 x 1078 T 


A lamp emits monochromatic green light uniformly in 
all directions. The lamp is 3% efficient in converting 
electrical power to electromagnetic waves and 
consumes 100 W of power. The amplitude of the electric 
field associated with the electromagnetic radiation at a 
distance of 10 m from the lamp will be 


Answers to Practice Exercise 3 


(c) 2. (a) 3 (a) 4. 
(c) 9. (c) 10. (d) 11. 
(c) 16. (c) 17. (b) 18. 
(b) 23. (a) 24. (c) 25. 
(c) 30. (c) 31. (b) 32. 
(c) 37. (a) 38. (c) 39. 
(d) 44. (b) 45. (a) 46. 
(a) 51. (b) 52. (c) 53. 
(b) 58. (b) 59. (d) 60. 


61. 


62. 


(c) 
(b) 
(b) 
(b) 
(b) 
(c) 
(d) 
(b) 
(a) 
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(b) 2.68 V/m 
(d) 9.37 V/m 


(a) 1.34 V/m 
(c) 5.36 V/m 


A plane electromagnetic wave of wave intensity 6W/m? 
strikes a small mirror of area 40 cm, held perpendicular 
to the approaching wave. The momentum transferred 
by the wave to the mirror each second will be 

(a) 6.4 x 107 kg/m/s (b) 4.8 x 10%kg/m/s 

(c) 3.2 x 10 kg/m/s (d) 1.6 x 10° kg/m/s 


In the above problem, the radiation force on the mirror 
will be 

(a) 6.4 x 107 N 
(c) 3.2 x 10° N 


(b) 4.8 x 10°N 
(d) 1.6 x 10N 


5. (c) 6. (c) 7. (d) 
12. (b) 13. (a) 14. (c) 
19. (a) 20. (d) 21. (b) 
26. (d) 27. (a) 28. (b) 
33. (a) 34. (c) 35. (b) 
40. (c) 41. (c) 42. (b) 
47. (c) 48. (c) 49. (c) 
54. (a) 55. (d) 56. (a) 
61. (d) 62. (d) 


CHAPTER 


Ray Optics and 16 
Wave Optics 


CHAPTER HIGHLIGHTS 


Reflection and refraction of light at plane and spherical surfaces, mirror formula, Total internal reflection and 
its applications, Deviation and Dispersion of light by a prism, Lens Formula, Magnification, Power of a Lens, 
Combination of thin lenses in contact, Microscope and Astronomical Telescope (reflecting and refracting) and 
their magnifyingpowers. 


Wave optics: wavefront and Huygens’ principle, Laws of reflection and refraction using Huygen’s principle. 


| Interference, Young's double slit experiment and expression for fringe width, coherent sources and sustained 
interference of light. Diffraction due to a single slit, width of central maximum. Resolving power of microscopes 
and astronomical telescopes, Polarisation, plane polarized light; Brewster's law, uses of plane polarized light 
and Polaroids. 


SECTION 1°(RAY OPTICS) 


BRIEF REV IEW parallel after suffering reflection because it meets different 
angles at the reflecting surface (see Fig. 16.2). 

Reflection Rebounding of light from a polished surface o. l l 

like a mirror is called reflection. Characteristicsofimage formed with a plane 


mirror 
Laws of Reflection , 
(a) Itis erect 


(a) Angle of incidence = angle of reflection (b) It is virtual 
(b) Incident ray, normal and reflected ray are coplanar. (c) Size of image = Size of object 
If mirror is rotated by 0, reflected ray moves by 20. (d) Image distance = Object distance (measured from 
mirror). 
Mthithtididtihhitidhglhitdlddtilld te ttl tbl, 


(e) Lateral inversion (left appears right and right 


\ appears left). 
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(a) Reflection (b) Diffusion 


z 


: . , Fig. 16.2 Illustration of diffusion. 
Fig. 16.1 Reflection from a polished surface 


Number of Images If two mirrors are inclined at an 
Diffusion Reflection from a rough surface (such as a wall) angle @ the number of images formed for an object placed 
is called diffusion. A parallel beam will not emerge out in front of them is given by 
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360 360 -~ Signconvention Consider pole P as origin. All distances 
(a) Number of images n = a if a odd and to its left are negative and all distances to its right are 
object does not lie on angle bisector or is placed positive, 
symmetrically. l ] R 
aca an Mirror formulae È +—= F and f= a where 
n= —— — 1 if — is odd and object is placed on = 
0 0 v = image distance from pole to mirror 


angle bisector. i , , 
u = object distance from pole to mirror 
360 360 


(b) Number of images n = a l if Fa is even f= focal length 
(object placed non-symmetric). R = radius of curvature. 
360 .. 360 . , . 
as if Fa is even (object placed symmetrically). Table 16.1 
If two mirrors are parallel (0 = 0) n = œ. Real Image Virtual Image 
ALM Ou U, V, X, Y etc. 11 letters show 1. Rays actually converge Rays appear to diverge 
lateral symmetry. to form image. from image. 
If mirror is thick, second image (formed due to first 2. Image can be obtained Image cannot be taken 
reflection from polished surface) is the brightest. on screen. on screen. 


When a ray is reflected from a plane mirror, angle of 3 


a. Se . Image is inverted Image is erect. 
deviation 6 = 2-20 as shown in Fig. 16.3. 


4. Magnification is negative. Magnification is positive. 


Magnification M „ (lateral) or linear magnification 


f , 
M = See Fig. 16.6 (a 
lat O u f u—f 8g ( ) 


Fig. 16.3 Finding angle of deviation 


Minimum height of a mirror so that a person can see his full 
image in the mirror is half the height of the mirror when 
standing at a distance = half the height away from the mirror. 


Spherical mirrors are of two types Convex and 
concave as shown in Fig. 16.4. Fig. 16.6 (a) Lateral magnification 


. 


Magnification (axial) M a = 2 (used for small objects 
T 


only). See Fig. 16.6 (b) 


(a) (b) 
Fig. 16.4 (a) Concave and (b) Convex mirror O 


—ve P +ve Fig. 16.6 (b) Axial magnification 


Lens The part of an isotropic transparent medium bounded 
by at least one curved surface. Lenses are of two types. (a) 
Fig. 16.5 Illustration of sign convention convex (b) concave 
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om lens 
Plano ( Concave (( 
convex convex 


Biconvex 
(a) 
Concave lens 


Biconcave Convexo 
concave 
Plano concave 
(b) 
Fig. 16.7 
Table 16.2 Image formation information for 


convex lens and concave mirrors 


Position Position of image and its nature 

of object 

At 0 At focus (real, inverted, diminished). 

Away Between f and 2f (real, inverted and 

from 2f diminished). 

At 2f At 2f (real, inverted and equal in size) 
Between Away from 2f, (real, inverted and magnified): 
fand 2f 

Atf At œ (real, inverted and magnified) 

Between Behind the mirror (virtual, erect and magnified) 


pole andf In front of lens, i.e., on the same side of object. 


Remember spherical mirrors have one principal focus 
while lenses have two principal focus one.on each side as 
shown in Fig. 16.8. 


Fig. 16.8 Illustration of principal foci in a lens 


Lens formulae for thin lenses 


l 
F = (u, — 1) +-+ (lens maker’s formula) when 
1 2 
surrounding medium is air or vacuum. 
l 2 
— = (2-1 EE if surrounding medium has 
f My R, R, 
refractive index y 
1 |] Le a 
Lens formula — — — = — (in air or vacuum) 
V u 


Pots teed = 
oa cams gabe: geen gee a an 
— 


(Object) i; y L, (Image) 
Fig. 16.9 Displacement method to find focal length of a 
convex lens. 


Displacement method _ If object and image (or screen) 
are fixed at a distance D (> 4f) [Fig. 16.9]. Lens is set at L, 
to form a magnified sharp image at Z. Then lens is displaced 
by d again to form a sharp image at 7 (diminished), Then 


D? -d’ 
f= 
Ad 


image in magnified and diminished position of lens L, and 
L, respectively O 1s size of object. 


and O = JEL where I and I, are sizes of 


Lateral magnification 


v I 
lateral = OO for a convex lens. 
u O 


—y I 
M ie = — == for a concave lens. 
u O 
N Y tv 
lateral — u +f -7 f 


Axial magnification 


M = Pa (for small objects) 


axı 


Ifobjectand image are formed in different media 
then use 


M, ATK H, — h; 


= ——— — -+—= to find focal length 
f R, R, 
ea -h _ HT to find vor u 
V u R, R, 


Fig. 16.10 Image formation when lens lies in two different 


media 


Fig. 16.11 Combination of two thin lenses 
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If two thin lenses are in contact as shown in Fig. 16.11 


hen ee l 


f E h 


Paraxial rays 


Newton’s formula x, x, =f, [Fig. 16.12] 


Marginal Rays 


Fig. 16.14 Spherical aberration illustration 


(b) Chromatic aberration A white object when 


Fig. 16.12 Focal length using Newton’s formula seen through a lens appears coloured. Such a 
defect is called chromatic aberration. Its removal 

If focal length on two sides is not equal then f, f, = x, is called achromatism. For achromatic aberration, 

x, (in case O and / are in different mediums) a combination of a convex and a concave lens 


w 2 
is needed such that — + — = 0 where @, and 
1 2 
@, are dispersive powers of two lenses of focal 
length f, and f, respectively. Their combined focal 
length is 
at l l . 
Fig. 16.13 Combination of lenses when f F t A See Fig. 16.15 (a). 
š 1 
at a distance d apart. 


2 


If two lenses are distance d apart as shown in Fig. 16.13 


then their combined focal length 2 =— + = = 
fi h hh 
Focallength ofa thick lens of thickness t v. F F,, o, 
l (u,-1) | l ad Fig. 16.15 (a) Achromat combination 
f RR, MRR, Achromatic aberration can also be removed using two 
‘ l f kind ted b Il dist if 
Cardinal points There are three sets of cardinal Bie Ne ari a erent 
points. : | 


(a) set of focal points 
(b) principal points x, x, = f,(if lens is in air) 


(c) nodal points. 


Flare spots If strong light is used, more than one o, F, o, F, 
refraction occurs in a lens and hence more than one image Fig. 16.15 (b) Achromatism using two convex lens 
is formed called flare spots» For nth flare spot 

i = m+Dyu-1 d= O O as illustrated in Fig. 16.15 (b). 

i, f(u- 0 +O, 

l 100 f+f. 
Power of the lens P= —~ = ——~ The unit i = = H 
f(m) f(cm) e unit 1S Note: If oR OO, then d 2 ; 

dioptre (D). 


If d = f, —f,, spherical aberration is also removed. 


Defects in lenses Thus if f, = 3f, and d = 2f, then both the defects can 
be removed simultaneously. This approach 1s employed in 


(a) Soherical aberration (or monochromatic Huy gen’s eye piece. 


aberration) occurs as paraxial and marginal rays 


fail to meet at a point as illustrated in Fig. 16.14. “Refraction When an oblique ray of light enters from 
Spherical aberration can be removed using optical one medium to another (optically different or dispersive 
stops or aplanatic lens. Astigmatism is cured by medium) then it changes its path. Such a phenomenon is 
cylindrical lens. called refraction. (See Fig. 16.16). 


Note: *Most of the authors do not write the exact definition of refraction. This is the correct definition. Words broad, when added, make 
the definition correct. 
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Interface 


Fig. 16.16 Refraction in a dispersive medium 


Note: It does not mean that if the ray is incident normal, it 
is not refracted. 


Laws of refraction There are two laws of refraction. 


sini 


1 = 
(A Or sinr 


(b) Incident ray, normal and refracted rays are coplanar. 


ini l a 
= = -=E or % =——— where C is critical angle. 
sinr v v, sinc 
See. (Apply this formula when 
Apparant depth 


incidence is normal) 


A, 


= —~ = tan 0, where 0, is polarising angle and is 


A, 
equal to angle of incidence if angle between reflected and 


refracted rays is 90°. 


_ At+D, 
sin ———* 
u= — in a prism. ô= (u — 1) a where œ is 
sin — 
2 
angle of prism and 6 is angle of minimum deviation in a 
prism of small angle œ (angle of prism). 


B C 
U=A+ pa + qr is called Cauchy ’s principle. 


1 


l 
H, = a (principle of reciprocity) 'u, = "py, x °H, 


1 


Fermat's principle When a ray of light passes from 
One point to another by any number of reflections or 
refractions, the path taken by the light 1s the one for which 
corresponding time taken is the least (or has shortest optical 
path). 


Optical path length is yl if lis the distance travelled 
in a medium of refractive index u. 


Refraction through a curved surface 


Lac a (See Fig. 16.17) 
V u R 


Fig. 16.17 Refraction through a curved surface 


Note: That “2 — 4 = “27/1 can be applied for all 
v u R 

curved surfaces with appropriate sign convention and 

remembering that u, is the refractive index of the medium 


in which object lies. 


Dispersion Splitting of a complex light into its constituent 
colours is called dispersion. For example, white light splits 
into seven colours when passed through a prism. 


In a prism i + e = A + D (See Fig. 16.18) 


Fig. 16.18 Refraction through a prism 


Fig. 16.19 shows graph between angle of deviation 
D and angle of incidence i. D „is angle of minimum 
deviation. 


Fig. 16.19 


Atminimum deviation i=eandr,=r,. The ray through 
the prism is parallel to the base of the prism. 


. A+D, 
sin ——— 
Under minimum deviation condition u = 2 
sin — 
Dispersive power @ = — L cA a 
Ô u-l 


where 6 and ô are minimum deviations for violet and red 
colours, 6 is mean deviation (for yellow colour). u, and p, 
are the refractive index for voilet and red colours and p is 
the refractive index for yellow or mean colour. 
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ô, +ô . = 
Note: Use ô= — 5 — if 6 is not given. Similarly use 


M+ H, 


if u is not given. 
o6=6 —6 1s called angular dispersion. 


Rainbow Two types of rainbows are known: primary 
rainbow and secondary rainbow. 


1. Primary Rainbow is formed when one total internal 
reflection (TIR) and two refractions occur from the 
suspended raindrops as illustrated in Fig. 16.20 (a). 
Violet colour on inner edge and red colour on outer 
edge are seen, as shown in Fig. 16.20 (c). Angles 
subtended with the direction of sun are 42° (red) 
and 40° (violet) above the horizon. 


Total internal 


Refractio 


Railnbow 


Refraction 
Fig. 16.20 (a) Primary rainbow formation 


TIR 


Refracti 
efractio TIR 


Refraction 


Fig. 16.20 (b) Secondary rainbow formation 


2. Secondary Rainbow is formed due to two TIRs 
and two refractions from the raindrops suspended 
in air as Shown in Fig. 16.20 (b). Inner edge has red 
colour and outer edge voilet, 1.e., there is colour 
reversal from primary rainbow. It occurs due to an 
additional reflection which causes 180° phase shift. 
Angles are 51° for red and 54° for violet. 


pe ae na 
, as y 
wee n R 
Primary 
R 


A 


Fig. 16.20 (c) Rainbow 
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Deviation without dispersion See Fig. 16.21 (a) 
Condition (5, -6,) = (6,, -6,) 


(4, — 4, ) ajs TEA g 
or 6@,=0,0, 


Dispersion without deviation See Fig. 16.21 (b). The mean 
colour should be parallel to incident ray. 


(HM, - 1) a= (u, — I) a, 


White Light 


White Light 
C — Crown glass 
F — Flint glass 


Fig. 16.21 (a) Deviation without dispersion 


Fig. 16.21 (b) Dispersion without deviation 


The prisms which produce dispersion without deviation 
are called direct vision prism and are employed in direct 
vision spectroscope. If more than two prisms are used the 
resolving power of the spectroscope is increased. 


Defects in human eye 


l. Myopia or shortsightedness 

2. Hypermetropia or longsightedness 
3. Presbyopia 

4. Astigmatism 

5. Colour blindness 


l. Myopic eye is treated by concave lens. (Image is 
formed in front of the retina). 


2. Hypermetropic eye is treated by convex lens. 
(Image is formed beyond the retina). 


3. Presbyopia: Eye with this defect can neither see 
near objects nor far objects clearly. It is treated by 
bifocal lens (upper half concave and lower half 
convex). 


4. Astigmatism is treated by specially prepared 
cylindrical lens. 


5. Colour blindness: Eye cannot differentiate 
between colours. Remedy is not available. 


An alternative approach for correcting many defects 
of vision is to reshape the cornea. It 1s done using a 
procedure called Laser assisted in situ Keratomileusis 
or LASIK. An incision is made into the cornea and a 
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flap of outer corneal tissue is folded back. A pulsed uv 
. l . 
laser with a beam only 50 um wide (< Sa” width of 


the hair) is then used to vaporise away microscopic area 
underlying the tissue. The flap is then folded back to the 
position where it conforms to the new shape carved by 
the laser. 


. . . „1 
Visual acuity or Resolving power of eye is ae or | 
min. 

Near point is 15 cm and least distance of distinct vision 


(normal near point) = 25 cm. 


Eye pieces or occular Commonly used eyepieces 
are Huygen’s and Ramsden. In Huygen eyepiece, both the 
defects, spherical aberration and chromatic aberration, are 


removed If f, = 3f, and d = 2f, then d = foe removes 


chromatic aberration and d = f, — f, removes spherical 
aberration. The drawback in Huygen’s eyepiece is that 
crosswire cannot be fitted. Therefore it can be used for 
qualitative work. Wherever quantitative (measurements) 
work is involved, Ramsden’s eyepiece is used. Ramsden 
eyepiece comprises of two lenses of equal focal length. 


2 
d= 3 f. Itis achromated for two selected colours. Spherical 


aberration is not removed completely. But crosswires can be 
connected. 


Simple microscope or magnifier 


oes D 
Magnification M = (1 +2) . 


Compound microscope 


V, D L D 
l+— |> — »— for normal 
u f fo fi 


adjustment where L is length of the microscope tube. 


Magnification M = 


oO 


L D e 
M = — |1+— | for least distance vision. 


e 


Length of microscope tube 
two lenses L = v + u, 


or separation between 


Hsin @ 
0.614 


Resolving power of microscope R.P. = for 


self luminous points. 


RP = 2usin@ 


for non luminous points. 


Note: Resolving power can be increased if we immerse the 
objective in an oil and use uv light. 


However, resolving power of electron microscope 


is maximum. Magnification is as high as 80,000. Limit of 
l 


resolution = =~ 
R.P. 
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Telescope (Astronomical) 
(a) Reflecting 
(b) Refracting 


is of three types: 


(c) Radio telescope 


Reflecting type is made with concave mirror. Focal 
length of concave mirror > | m (objective). 


In refracting type telescope, objective has large focal 
length and large aperture f > 1 m, aperture > 2 inch. 


Ío 
fe 


Magnification (Normal setting) M, = 
and L=f +f. 
Least distance of distinct vision setting 


M -L 14) 
LD f. D 


and L=f +u, 


Resolving power of telescope R P = where 


a 
1.22A 
a is aperture. 


Terrestrial Telescope 


Magnification (Normal setting) Mp = A and 


e 


L=f +4 f_ +f where fis focal length of erecting lens. 


Least distance setting M,, = = ( aa 
and L=f,+4f +u, l 


Rayleigh’s scattering œ -7 


At 


blue. Rising and setting sun appear red and danger signals 


are red in colour. 


Unresolved 


That is why sky appears 


Just resolved 


Widely resolved 


WO OL 


Fig. 16.22 


Rayleigh’s criterion for just resolution Two light 
sources close together are said to be just resolved if 
minima of one falls on the maxima of other as shown in 
Fig. 16.22 (a). 
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Short Cuts and Points to Note 


l. 


If two mirrors are inclined at an angle 0 (0 < 0 <90°) 
the number of images formed for an object placed 
: . 360 ., 360. 

in front of them is ar if FI is odd and number 


360 _. 360 . 
of images formed = a l if Fa is even. 
Number of images formed are even only if the object 
lies on angle bisector. 


Use geometry to solve problems in optics. It is 
very helpful. 


Second image is the brightest in a thick plane mirror. 


Even virtual images can be photographed. 


1 1 R 
In spherical mirrors — + — = df= pi Lateral 
v u 


— an 
f 
: ; =V 
magnification M = —. 
u 


If a lens of focal length f (in air) and refractive index 
p, is immersed in a liquid of refractive index u „then 
new focal length f „1s given by 


fow _ -D 


rE 
Mn 
4 


If uw, = 1.5 and u, = 3 (water) then f „7 4f 


If one side of the lens is in air and the other side in 
water as illustrated in the Figure below and u, = 1.5, 


4 
Ha = 3 then foy = 2f 


air Water 


If up, = 1.5 and lens is equiconvex then f= R and for 
a plano convex lens f= 2R 


If a lens of refractive index u, is immersed in 
a medium of refractive index u, then if u, > p, 
lens behaves normal, 1.e., a convex lens behaves 
as a convex lens and a concave lens behaves as a 
concave lens. 


If u, = p, the system acts as a slab i.e. rays pass 
undeviated. It ceases to act as a lens. 


If u, < p, lens behaves opposite, i.e., a convex lens 
behaves as a diverging lens and a concave lens acts 
as a converging lens. 


In a system of three medias as shown in the Figure 
focal length is determined using 


. In displacement method f = 


. Power of the lens P = 
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4 H; 
Mz = MM _ H — #, 
f R, R, 
oininap ee an A 
V u R, R, 
: a l l l 
. If two thin lenses are joined then — = — + — 
fl h 


[Figure (a)] 


If there is a separation d between the lenses, 
l l l d 
then — = — + — — 
h h Ah 
l l l d 
— = — + — — — 
f fi h Ah 
focal length of the combination. It cannot help to 
find v (image distance). While finding v, apply two 
lens theory, 1.e. image formed by Ist acts as an object 
for the second. 


Note: can be used to find 


2 42 


. Note that 


D >4fand size of object O = VJ, 
1 100 
f(m)  f(cm) 


Diopter. If lenses are in contact, power 1s added 1.e. 
PP PP To 


Unit is 


. If the lens is silvered from one side use power to 


find new focal length. 


P=2P +P or 


OT 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


pA 


for the case shown in the Figure, 


-1 

f= fu) 
2u-1 

1.e., for equiconvex lens silvered on one side. 


Note: If u = 1.5, then f „= Ly 


Due to refraction the sun appears to rise a little 
earlier and appears to set a little later (about 
3 minutes difference). 


If the angle of prism is small, use 6 = (u — l)a; 


_(A+D, 
Sin <= 
2 
. (A 
sın| — 
a 


prisms are used in special type of spectrometers. 


otherwise use u = . Constant deviation 


While finding position of spot when two or more 
medias are placed, 


t t 
shift Ay = 1,4. + a- as shown in 
u u 


1 


2 


the Figure. 


Lateral shift in slab as shown in the Figure 
_ tsin(i-r) 
cosr 


A body disappears if its refractive index is equal to 
the reflective index of surrounding medium. 


During refraction wavelength varies but frequency 
remains unchanged. 


If a lens is partly covered, intensity or brightness of 
the image will decrease. 


If a lens is cut horizontally, its focal length remains 
unchanged but if cut vertically focal length will 
change. For example, if an equiconvex lens is cut 
vertically then focal length of each planoconvex 
lens is 2f. See Figure. 


22; 


23; 
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| 
l 
/\ fw = 2f for each 
J planoconvex lens 
| 


If tis thickness and a is absorption coefficient then 
for incident light of intensity Z, the emergent light 
intensity 


Focallength 
Uncharged 


l=I,e@ 
Apply oe ee to find v and to find 
v R 


magnification in spherical surfaces shown in the 
Figure use the formula 


24. 


Brown or Orange 


25. 


26. 


or 


ZT. 


bay aM 


lateral ~ Mu > M sial T yu’ 
Note: If the image is formed at the object side then 
image is virtual. If the image is formed on the other 


side then image is real. 


Primary colours are red, blue and green. 
Complementary colours of primary colours are 
cyan for red, brown/orange for blue and purple or 
magenta for green. 


Purple or Magenta 


The minimum distance between object and screen 
= 4f to form a real image in case of a lens. 


For deviation without dispersion 

5,- 8, = ô,- Ô, 

(u, -u,) % = (u, u,) % 

To achieve dispersion without deviation 6, = 6, 
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28. 


29. 


30. 


There are two types of defects in lens: spherical 
aberration and chromatic aberration. Spherical 
aberration is removed if d=f, —f, 


w w 
To achieve achromatism — + — = 0 


fl Sh 
if combination of a convex and a concave lens is 


used. 


If two lenses of different material are kept d distance 


Of, T wf 


apart then to achieve achromatism d = 
w +0, 


+ : : 
d= dth if lenses are made of same material. 


f number in camera is given by 
Focal length f 
Toumbe = ———— s 
Aperture diameter D 


If one f number is known, the next number is 


Leese 


5.6 8 11 16 
Thus if L requires La then i. requires 
4 500 5.6 

l f l ' 
—— s and — requires — s for the same kind of 
250 8 125 
exposure. 

lo 1 d 
Zoom lens is based on — = — + — —- such 
f ff h fm 


that f can be varied 0 to œ by changing d: 


I l 
31. Ina pinhole camera — = F7 (See Figure) 
1 
O I 
—l— 4AA 1, — 
Pinhole Camera 
Caution 
1. Considering that real image cannot be formed with 
a plane mirror. 
= Ifthe incident light beam is convergent, real image 
can be formed. 
2. Considering that during refraction, ray must bend. 
= Rays incident normal do not bend and still refraction 
Real depth . 
occurs. We apply u= ————————— in such cases. 
Apparent depth 
3. Not differentiating between linear (lateral) and axial 


magnifications. 


10. 


11. 
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v 
Lateral magnification is M „ = — and axial 
u 
ase 
magnification for small objects is —_. 
u 


Considering that frequency varies during refraction. 


Frequency does not vary during refraction. All other 
characteristics of wave like wavelength, velocity 
and amplitude vary. 


Considering refraction is 100% or could be 100%. 


Refraction can never be 100%. A fraction of light is 
always reflected from the interface of two media. 


Considering that focal length found using 
l l d 


AL Ñ 


can be used to determine 


y also. 


Individual lens analysıs be employed to find v or u. 
Its use is limited to finding the focal length of the 
combination only. 


Considering refraction through a slab can produce 
deviation. 


Only lateral shift can be produced. The lateral shift 
iS 
tsin(i—r) 
y= —. The lateral shift can be helpful in 
cosr 
making images sharp without disturbing object lens 


or screen. The change in distance in such cases is 
t 

equal to Al = Ga 
u 


Not being sure if colour is determined by wavelength 
or frequency. 


Colour is determined by wavelength. 


Assuming that achromat is made using two lenses, 
one convex and one concave, made of two different 
materials. 


Two similar lenses (both convex) and made of same 
material (having equal dispersive power) can be 


fith, 
M 


used to achieve achromatism 1f d = 


If d = f, — f, then spherical aberration is also 
removed. 


Considering that refractive index does not depend 
upon colour or wavelength. 


Refractive index varies with colour or wavelength 
according to Cauchy’s formula 


B C 
U=AÁ+ q + 7 
Considering optical path length always greater than 
real path length. 
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=> 


12. 


13. 


Optical path length = ux. If u> 1, optical path length 
> real path length (say x). If u = 1, optical path 
length = x and if u < 1 optical path length < x. 


Considering magnifying/resolving power of a 
microscope as fixed. 


If we immerse the microscope lens/slide in an oil of 
refractive index u, resolving power will increase. If 
uv light is selected, it will further increase. 


l 
Taking power P = F and fin cm. 


IOO er 
= ae 


PRACTICE EXERCISE 1 
(SOLVED) 


A professor reads a greeting card on his 50th birthday 
with + 2.5 D glasses keeping the card 25 cm away. Ten 
years later he reads the greeting card with same glass 
keeping the card 50 cm away. What power glasses 
should he wear now? 

(a) 2D (b) 0.5D 

(c) 2.25D (d) 4.5D 


A simple microscope 1s rated 5 x for a normal relaxed 
eye. What will be its magnifying power for a farsighted 
man whose near point is 40 cm ? 

(a) 5x (b) 3x 

(c) 8x (d) 13 x 

A particle is moving at a constant speed v from a large 
distance towards a concave mirror of radius R along the 
principal axis. Find the speed of the image as a function 
of the distance x of the particle from the mirror. 


When an equiconvex lens (Hh, = 1.5) is placed over a 
plane mirror as shown, then object needle and its image 
coincide at 15 cm. When a liquid of refractive index u 
is filled in the gap between mirror and lens, the object 
needle and its image coincide at 40 cm. Find the ref. 
index u of the liquid. 


eons ><+—— 
45 cm 
8 5 
(a) = (b) z 
13 5 
(c) a CET 
13 
(e) 5 


14. 


15. 
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Not knowing when the ray retraces its path. 


The ray retraces its path only when it is incident 
normal on a reflecting surface. 


Considering that in a camera, if f number increases 
exposure time decreases. 


If fnumber increases exposure time increases, for 
ER 
2.8 


s, the 


example, if L has exposure time = 


has exposure time = s and $ has exposure time 
500 4 


l 
—— s and so on. 
250 


A particle executes SHM of amplitude 1 cm along 
principal axis of a convex lens of focal length 12 cm. 
The mean position of oscillation is at 20 cm from the 
lens. Find the amplitude of oscillation of the image of 
the particle. 
(a) 2cm 

(c) 1cm 


(b) 2.6 cm 
(d) 2.3 cm 


Object and screen are fixed 90 cm apart. The lens is 
displaced. Two sharp images are obtained when lens 
is at L, and L, respectively such that J, = 4/,. Find the 
focal length of the lens. 


L, L, 
(b) 15cm 
(d) 20 cm 


(a) 18 cm 
(c) 16cm 


You are looking at the rim from the vertical side to 
see the opposite edge at the bottom of a 16 cm high 
and 8 cm diameter vessel. A friend fills it with a liquid 
ofrefractive index u so that a coin placed at the centre 
becomes visible. What is the value of u? 


8 cm 
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(a) 1.34 
(c) 1.73 


(b) 1.6 
(d) 1.84 


At what angle should a ray of light be incident on the 
face of a prism of refracting angle 60° so that it just 
suffers total internal reflection at the other face. The 
refractive index of the prism 1s 1.524. 


EXPLANATIONS 
l l l l 
d r= 557 50 7 50 
P=2D 


P =25+2=45D 


D 
(c) For a relaxed eye M = F .. f= 5 cm 


40 
In case II M = E =8 


Let y represent the image distance and x the object 
distance from the mirror. Then 


l l 2 
— 4+ — = — — 
y —x R 
|l -2 l —2x+R 
or ee a ee 
y R x Rx 
Rx 
ae eh a, nr rrr l 
r Y= poy (1) 
Differentiating equation. (1) 
dx dx 
R— 2Rx— 
dy ___dt dt 
dt (R-2x)  (R-2xy 
dx 
dy [R(R -2x)+2Rx] a 
or — =s —— 
dt (R-2xy 
_ Rv 
~ (R-2x)y 


(c) From case (1) we get f= 15 cm 


L5 f= Ras 15cm 

In case (11) focal length of the combination = 40 cm 
[combination of lens + combination of (planoconcave) 
liquid lens]. 


since Hen = 


6. 
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(a) 30° 
(c) 50° 
(e) none of these 


(b) 40° 
(d) 60° 


A crown glass prism of refracting angle 6° is to be 
used for deviation without dispersion with a flint glass 
of angle of prism a. Given: for crown glass u = 1.513 
and u = 1.523, for flint glass u = 1.645 and u, = 1.665. 
Find a. 


(a) 3° (b) 4° 
(c) 4.5° (d) 5° 
(e) 6° 


l l l 
40 - 15 : J iciaiens 
l l 
finas 15 40 


Or 


Jicin, 7 724 €M 
iq'lens 


E EER 
Jai g H R QO —24 


1 1_] 
@---= 
v u Í 
1 1l 1.9 
v 12 21 21x12 
or v,=28cm 
Il 1_ 7 
v 12 19 19x12 
228 
or v,= da = —— = 32.6 cm 
i 7 7 


Ax 
Ax = 32.6 — 28 = 4.6 cm amplitude = > 
= 2.3 cm 


I 


(d)O= Vil, =21,= > 


3 u = 90 cm or u = 30cm 
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l l 
8. (a)sinc= a = 1504 
= 0.65 or c = 40°30! 
r= 19° 30’ 
7. = [180° — 120° — 40° 30'] 
sini 
sinr 
or sin i= 1.524 sin 19° 30' 
= 1.524 (.33 40) = 0.5 
or i = 30° 
9. (a) (44, -H,) ©, 
= (4, —4,) a, 
o we (1.523 -1.513) be = 3° 
~ (1.665 — 1.645) 
PRAC TIC E EXERCISE 2 
(SOLVED) 

1. Alight beam travels at a speed 1.94 x 108 ms™ in quartz. 4. Aray deviates at 90° after suffering reflection from a 
The wavelength found in quartz is 355 nm. What would mirror. The angle of incidence is 
be the wavelength in air? (a) 90° (b) 30° 
(a) 179nm (b) 549 nm (c) 60° (d) 45° 
(c) 355 nm (d) 707 nm (e) none of these 


Solution (d) 26 = 180-5 or 20 = 180 — 90 > 0 = 45° 


A 
Solution (b) u=- = — 7 
v A 5. To what depth can a vessel be filled with water so that 


3x108 A it appears half filled? 
r ——— = — 2 
1.94x108 355 (a) Éh (b) 3 h 
1065 
A N (c) 2h (d) =h 
2. In 11.5ns light travels 2.5 m in plastic find its refractive Real depth 
index. Solution (b) App. depth = 
(a) 1.38 (b) 1.48 Ati j 
(c) 1.18 (d) 1.58 .. Real depth = 3 = = 3 
3x10° 3x11.5x107 ; eee 
Solution (a) u= am 2I a neaie 1.38 6. Aroom is 3m high and 5m long. A man is standing in 
v = 2.3 front of one of the walls 1m from the wall. A mirror is 
11.5x10 to be installed on the wall. Find the height (minimum) 
3. Two mirrors are inclined at an angle 0. For an object of the mirror so that complete image of the wall behind 
placed in front of them, | 1 images are noticed. Find the him 1s seen. 
angle between the mirrors. (a) 1.5m (b) 1m 
(a) 30° (b) 32.8° (c) 2m (d) 0.5m 
(c) 16.4° (d) 15° Solution (d) A ABM and A KLM are similar 


360 _ AL KL 
Solution (a) No. of images = 11 = -7 -1 > @= 30 = B AB 


| 16.14 
3x1 


KL à m 
=> = = 
6 


n| |1 


A #—— 5m— 4 5m— 


3m 3m 


| | 


B <+——__ 6m, >M 


7. A beam is incident parallel on the prism shown in 
the Figure (a). Find the angle between emerging rays. 


Hia 1.66. 
(a) 180° (b) 120° 
(c) 135° (d) 40° 


l 
Solution (d) sin C = TaY C=37° 


ray is referacted out 

sin r= sin 25 (1.66) = 0.4226 (1.66) = .706 
r= 45° 

0 = 360 — 230 — 90 = 40° 


5 


(a) 


/ 


8. A white light is incident at 20° on a material of silicate 
flint glass slab as shown. He = 1.66 and u = 1.6. For 


what value of d will the separation be Imm in red and 
violet rays. 
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5 
(a) 3 cm (b) 3 cm 
20 
(c) 5cm (d) 3 om 
sin70 .9397 
b) si = = = 34° 30’ 
Solution (b) sinr, T 
i E sin 70 E .9397 
ee 16 T 16 
or r,=36° 
_ tsin(i —r) 
Using y= ——— 
cosr 
sin(i-—7,) sin(i-r,) 
Yı B y, = d TO 
COST, COS /, 
aie ee E a 
cos 34°30’. cos36° 
0.5807. 0.5592 
or Ol=d = = d [0.71 —0.68] 
0.8241 0.8090 
l 10 
or = —— = — 
0.03 3 


9. A glass whose one end is hemispherical of radius 


2 em (ua = 1.52) is kept in water (u = 1.33). The 
object is kept 8 cm in front of convex surface. Find 
the magnification. 


(a) 2.33 (b) 1.33 

(c) 2.66 (d) 1.76 

1.52 1.33 1.52-1.33 

Solution (a) —- — = —— 
v -8 2 


or v = —21.3 cm; 
—— -1.33(-21.3) Z 


= L528) 
10. Refractive index of water in the situation shown in 


the Figure is u. Find the distance seen by the fish F of 
human eye Ł. 


(a) H+ = (b) = 
i 2u 2u 
H 3uH 
c) — +H ad). SES 
(c) H (d) > 
H H H H 
Solution (c) z + 7 = > aT 
u 
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11. In the previous question what is the distance of fish 
F seen by human eye E? 


(a) H+ 2 (b) is + - 
A ca oe ge 
2u u 2 
(c) a8. (d) None of these 
2u 
H/2 H 
Solution (a) H + afl = H+ — 


M, 2u 


12. A point object O is placed midway between the concave 
mirrors, distance d apart. What is the value of d for 
which object and images coincide? Each mirror has 
focal length F. 
(a) F,2 F 
(c) F,4 F 


(b) 2F,3F 
(d) 2F,4F 


d 
Solution (d) When - F, the rays from one mirror after 


reflection will reach parallel to the other mirror. Second 
mirror will refocus them at O. When object is at 2F, 
image is formed at 2F. 


13. A cylindrical vessel of diameter 12 cm has.800 mcm? 

water. A cylindrical glass piece of diameter 8 cm and 
height 8 cm is placed in it as shown in the Figure. 
What is the position of image of bottom of the vessel 
seen through paraxial rays passing through the glass 
cylinder? 
(a) 6.2 cm above the bottom 
(b) 7.1 cm above the bottom 
(c) 6.6 cm above the bottom 
(d) none of these 
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=4.45 +2.67 
= 7.1 cm above the bottom. 


14. Find angle of minimum deviation of an equilateral 
prism (u = 1.732). Also find angle of incidence for this 


deviation. 
(a) 60°, 75° (b) 60°, 55° 
(c) 60°, 50° (d) 60°, 60° 
. A+D, 
Sny 
Solution (d) u= A 
sin — 


l A+D 
or V3 x > =sin > m 


Using 2i = A + D_, we get i = 60°. 


>D =60°. 


15. An equiconvex lens is made from u = 1.5 and r = 
20 cm. It is 5 cm thick in the middle. Find the position 
of image far away from the lens. 


(a) 10cm (b) 9.2 cm 
(c) 8.72 cm (d) 9.48 cm 
(e) 9.68 cm 


Solution (b) Image is formed at focus. 


(u-t 
uR’ 


ao 13 
~ 2110 150] 120 


l 2 
— =(u—1)|— 
F (u |Z 


16. A slide projector is to project a (35 mm x 23 mm) slide 
ona2m x 2 m screen. Find the focal length of the lens 
used if screen is 10 m away from the lens. 


(a) 15.1 cm (b) 17.2 cm 
(c) 16.1 cm (d) 18.2 cm 
200 10 7 

Solution (b) M = 35 77 HE apm using 

1 1l 1 | 

--—=7, 16, 

v u f 

l i 

— = — + = or f= 17.2 cm 

f 10 7 


17. A paper weight is hemispherical with radius 3 cm. It is 
kept on a printed page, the printed letter will appear at 


a height cm from the centre of the hemisphere 
when viewed vertically. 
(a) 0 (b) 1cm 
(c) 2 cm (d) 1.21 cm 
Solution (a) = - — = 2 v=-3 cm. 
V =3 =3 
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18. A1mlong rod is half dipped in a swimming pool. The 4 
sunlight is incident at 45° on the rod. Find the length water 1s 3 and the fish 1s 12 cm below the surface. The 
of the shadow on the bed of swimming pool. eel ie ol E rele ET 
(a) 73 cm (b) 78.25 cm [AIEEE 2005] 
(c) 74.17 cm (d) 81.5 cm 36 
Solution (d) Length of shadow = x + 0.5 m (a) 36 V7 (b) F 
x=0.5tanr f (c) 36/5 (d) 4J5 
sin r= ./07 x — or 
i Solution (b) si = and eee 
r=32°12 ov on (b) sin = 7 an a= a 1 
Thus /=50 (tan 32° 12') + 50 cm ae 
= 50 (.6297) + 50 = 81.5 cm or r=—=cm 
( ) F 


12 


21. Two point white dots are 1 mm apart on a black paper. 
They are viewed by eye of pupil of diameter 3 mm. 


19. A diverging lens of f= 20 cm and a converging mirror Approximately what is the maximum distance upto 
f= 10 cm are placed 5 cm apart coaxially. Where shall which these dots can be resolved by the eye. 
an object be placed so that object and its real image [AIEEE 2005] 
coincide? 5 bY 6 
(a) 60 cm away from lens om 1 E i ne 
(b) 15 cm away from lens F 
(c) 20 cm away from lens 1.22 = lmm 
(d) 45 cm away from lens Solution (a) 3mm d 
Solution (a) If the rays are to retrace the path, light ray _ 3x10% -5 
must fall normal on the mirror. Hence 7' should be i ~ 1.22x5x10” i 
20 cm from mirror and 15 cm from lens. 
1 I. 22. A thin glass (u = 1.5) lens has power —5D in air. Its 
-15 x +20 power in a medium of refractive index 1.6 will be 
5 25 
x -15 20 -60 8 8 
=- l.e. 5 25 
x 60 cm 1.e. 60 cm away from lens © -2D a -2D 
8 8 
. x (—20) 
=] DON 
Solution (a) ¢ = A} ¢ = 2 — 
Mn o] 
1.6 
: 20x3.2 
Zo eee = 160: s8 


23. The angular resolution of a telescope of 10 cm diameter 
20. A fish looking up through the water sees outside world at a wavelength of 5000 A° is of the order of 


contained in a circular horizon. The refractive index of [CBSE 2005] 
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(a) 10° rad (b) 10° rad 
(c) 10~* rad (d) 10° rad 
A 5x10” 
Solution (d) ag 10% 


24. A tank of height 33.25 cm is completely filled with 
liquid (u = 1.33). An object is placed at the bottom 
of the tank on the axis of concave mirror as shown 
in the Figure. Image of the object is formed at 25 cm 
below the surface of the liquid. Focal length of the 


mirror is 
[IT 2005] 
(a) 10cm (b) 15cm 
(c) 20 cm (d) 25cm 
33.25 
Solution (c) Apparent depth = T33 = 25 cm 


when object is at 2f image is formed at 2f. 
2f=15 +25 = 40 cm and f = 20 cm 


25. A telescope has an objective lens of focal length 
200 cm and an eyepiece with focal length 2 cm. Itis used 
to see a 50 m tall building at a distance of 2 km. What 
is the height of the image of the building formed by 
the objective lens? 


[AIIMS 2005] 


(a) Scm (b) 10cm 
(c) 1cm (d) 2 cm 
1 1 1 
Solution (a) — - — =— 
v u f 
E S S ee 
Or y= 200 ~ 2000x100 
Or v= 200 cm 
I 
Using — = — 
i O 
[= : 50 = — 5 
= 2000 * Ta a 


26. A. Resolving power of a telescope is more if the 
diameter of the objective lens 1s more. 

R. Objective lens of large diameter collects more light. 

[AIIMS 2005] 
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(a) bothA and Rare correct and R is correct explanation 
ofA 

(b) A and R both are correct but R is not correct 
explanation of A 

(c) A is true but R is false 

(d) both A and R are false 


Solution (b) RP = loa” A is correct. Though R is 


correct but for larger resolution objects making small 
angle be distinguished or very close objects should be 
distinguished. 


27. Focal number of the lens of a camera is 5f and that of 
another is 2.5f. The time of exposure for the second 


1S kis if that for the first is dl; 
200 


í Gree focal ad 
aperature 
l l 
a b) —— 
w o0 () 300 ` 
l l 
NN d) —— 
(0) 3200 à (d) 6400 j 


[BHU 2005] 


Solution. (b) f number decreases by 2 .’. time of exposure 
should decrease by (27). 
l l l 


t = — x — = — S. 
new 4 200 800 


28. A convex lens of focal length 80 cm and a concave lens 
of focal length 50 cm are combined together. What will 
be their resultant power? 


[BHU 2005] 
(a) 0.65D (b) -0.65D 
(c) 0.75D (d) -0.75D 
Solution (d) P, = 1.25 D and P, = -2 D 
P =P, +P,=-0.75D 


29. A plane slab is kept over various colour letters. The 
letter which appears least raised 1s 


[BHU 2005] 
(a) Red (b) Green 
(c) Violet (d) Blue 
B 
Solution (a) H=A+ FE 
Real depth 


.. uis minimum for Red and App. depth = 


30. A convex lens forms the full image of the object on a 
screen. If half of the lens is covered with an opaque 
object then 

[BHU 2005] 
(a) the image disappears 
(b) half the image is seen 
(c) full image of same intensity is seen 
(d) full image of decreased intensity is seen. 


Solution (d) 
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31. Time taken by light to pass through 4 mm thick glass 
slab of refractive index 1.5 will be 


(a) 8x 10s (b) 2x 107s 
(c) 8x 108s (d) 2x 108s 
[BHU 2005] 
-3 
Solution (b) t= 4x10 x15 =72 x 10!!! s 


3x10" 


32. A lens acts as a converging lens in air and diverging 
lens in water. The refractive index of the lens is 


[BHU 2005] 


(a) =1 
(c) > 1.33 


Solution (b) 


33. A light passing through air has wavelength 6000 A°. 
Wavelength when same ray passes through a glass slab 
of refractive index 1.5 is 


(b) < 1.33 
(d) <1 


[BHU 2005] 
(a) 4000 A° (b) 2000° 
(c) 8000 A° (d) 1200 A° 
A 6000 , 
Solution (a) 7’ = ii =e 4000 A 


34. Which of the following is a wrong statement? 
[CET Karnataka 2005] 


l 
(a) D = F where f is focal length and D is optical 


power of lens. 

(b) Power is in diopter when f is in meters. 

(c) Power is in diopter and does not depend upon the 
system of unit used to measure f- 

(d) D is positive for convergent lens and D is negative 
for divergent lens. 


Solution (c) 
p-_!| _qloo 
~ f(m} fem) 


[CET Karnataka 2005] 
35. Identify the wrong description of the given figures. 
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(a) 1 represents far sightedness 

(b) 2 is correction for short sightedness 

(c) 3 represents far sightedness 

(d) 4 represents correction for far sightedness 


Solution (a) 


36. Which mirror be used to obtain a parallel beam of light 
from a small lamp? 
(a) plane mirror 
(b) convex mirror 
(c) concave mirror 
(d) any of the above 
[CET Karnataka, 2005] 


Solution (c) 


37. As shown in the Figure AB = AC. Find the minimum 
value of refractive index u for the given material. 


(b) V3 


(d) 1.6 


(a) 42 


(c) 1.5 


Solution (2) 


90° 


n (a) 


38. The eyepiece of a refracting telescope has f= 9 cm. In 
the normal setting, separation between objective and 
eyepiece is 1.8 m. Find the magnification. 

(a) 20 (b) 19 
(c) 18 (d) 21 


Solution (b)f =1.8- 0.09=1.71m 


y-- M- 


i, 9 
39. The focal length of an t camera lens is 300 mm. What 


is the aperture diameter of the lens? 
(a) 75 mm (b) 650 mm 
(c) 800 mm (d) 1200 mm 


300 
Solution (a) aperture = a 75 mm 


40. An object is placed at 15 cm in front of a convex lens 
of focal length 10 cm. Where shall we place a convex 


Ray Opticsand Wave Optics 


mirror of focal length 13 cm so that real image and 
object coincide? 

(a) 6cm from lens 

(b) 3 cm from lens 

(c) 4cm from lens 


(d) 2 cm from lens. 


1 
Solution E To 
v u f 
t Z 8ł8_ 81 
v 10 15 


or v = 30 cm. In order the ray to retrace the path, the ray 
must be incident normal on the mirror. Hence distance 
of mirror from I’ should be equal to R = 2f = 26 cm or 
4 cm from lens. 


PRACTICE EXERCISE 3 
(UNSOLVED) 


1. Two thin lenses, when in contact, produce a combined 
power + 10 dioptres. When they are 0.25.m apart, the 
power reduces to + 6 dioptres. The powers of the lenses 
in dioptres, are 
(a) land9 
(c) 4and6 


(b) 2.and 8 
(d) 5 each 


2. The size of an object.as perceived by an eye depends 
primarily on 
(a) actual size of thr object 
(b) distance of the object from the eye 
(c) aperture of the pupil 
(d) size of the image formed on the retina 


3. A normal eye is not able to see objects closer than 

25 cm because 

(a) the focal length of the eye is 25 cm 

(b) the distance of the retina from the eye-lens is 
25cm 

(c) the eye isnot able to decrease the distance between 
the eye-lens and the retina beyond a limit 

(d) the eye is not able to decrease the focal length 
beyond a limit 


4. An object is placed at a distance u from a simple 
microscope of focal length f. The angular magnification 
obtained depends 
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41. In the following Figure a parallel beam emerges 
parallel. The relation between u, u, and p, is 


l l l 
(a) HH, +H, (b) — = — + — 
H=H +H, h r 

4 +4, 2 l l 
(c) u= =; (d — = — + — 
2 M M BM, 


Solution (d) 


t, LENN, 
M k M, u lail M, 


(a) on f but not on u 

(b) on u but not on f 

(c) on fas well as u 

(d) neither on f nor on u 


5. The focal length of a normal eye-lens is about 
(a) 1 mm (b) 2 cm 
(c) 25 cm (d 1m 


6. The muscles of a normal eye are least strained when 
the eye is focused on an object 
(a) far away from the eye 
(b) very close to the eye 
(c) at about 25 cm from the eye 
(d) at about 1 m from the eye 


7. A person A can clearly see objects between 25 cm and 
200 cm. Which of the following may represent the range 
of clear vision for a person B having muscles stronger 
than A, but all other parameters of eye identical to 
that of A? 

(a) 25 cm to 200 cm 
(c) 25 cm to 300 cm 


(b) 18 cm to 200 cm 
(d) 18 cm to 300 cm 


8. A man is looking at a small object placed at his near 
point. Without altering the position of his eye or the 
object, he puts a simple microscope of magnifying 
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10. 


11. 


12. 


13. 


power 5 X before his eyes. The angular magnification 14. 


achieved is 
(a) 5 
(c) 1 


When objects at different distances are seen by the eye, 


(b) 2.5 
(d) 0.2 


which of the following remain constant? 15. 


(a) The focal length of the eye-lens. 

(b) The object-distance from the eye-lens. 
(c) The radu of curvature of the eye-lens. 
(d) The image-distance from the eye-lens. 


The maximum focal length of the eye-lens of a 
person is greater than its distance from the retina. The 
eye is 


(a) always strained in looking at an object 16. 


(b) strained for objects at large distances only 
(c) strained for objects at short distances only 
(d) unstrained for all distances 


To increase the angular magnification of a simple 
microscope, one should increase 
(a) the focal length of the lens 


(b) the power of the lens 17. 


(c) the aperture of the lens 
(d) the object size 


A thin biconvex lens of focal length fis used to form a 
circular image of the sun on a screen placed in its focal 
plane. The radius of the image formed on the screen is 


r. Then 18. 


(a) mr’ a f 

(b) ar a f i 

(c) If the focal length of the lens is doubled keeping 
its aperture constant, the brightness of the image 


will increase. 
(d) If half of the lens is covered the area of image will 


2 


mr 
become ~- 
[IT 2006] 
19. 
O 
t——_ 20 cm ———> 
20. 
f= 15 cm 
An object is placed 20 cm in front of a plano convex 
lens of focal length 15 cm. The plane surface of the Ines 
is silvered. The image will be formed at a distance 
(IIT 2006] 
(a) 60 cm to the left of the lens 
(b) 60 cm to the right of the lens 21. 


(c) 12 cm to the left of the lens 
(d) 12 cm to the right of the lens. 
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The distance of the eye-lens from the retina is 
x. For a normal eye, the maximum focal length of the 
eye-lens 
(a) =x 
(c) >x 


(b) <x 
(d) =2x 


A point object P moves towards a convex mirror with 

a constant speed v, along its optic axis. The speed of 

the image 

(a) is always < v 

(b) may be >, = or < v depending on the position 
of P 

(c) increases as P comes closer to the mirror 

(d) decreases as P comes closer to the mirror 


A battery-operated torch is adjusted to send an almost 
parallel beam of light. It produces an illuminance of 
40 lux when the light falls on a wall 2 m away. The 
illuminance produced when it falls on a wall 4 m away 
is close to 

(a) 40 lux 
(c) 10 lux 


(b) 20 lux 
(d) 5 lux 


Light from a point source falls on a screen. If the 
separation between the source and the screen is 
increased by 1%, the illuminance will decrease 
(nearly) by 
(a) 0.5% 
(c) 2% 


(b) 1% 
(d) 4% 


Figure (29.54) shows a glowing mercury tube. The 
intensities at point A, B and C are related as 

(a) B>C>A (b) A>C>B 

(c) B=C>A (d B=C<A 


e n] 
ZJN 
: í 


The one parameter that determines the brightness of a 
light source sensed by an eye is 

(a) energy of light entering the eye per second 

(b) wavelength of the light 

(c) total radiant flux entering the eye 

(d) total luminous flux entering the eye 


The intensity produced by a long cylindrical light source 
at a small distance r from the source is proportional 


l 
(b) = 
r 
(d) none of these 


A point source of light moves in a straight line parallel 
to a plane Table Consider a small portion of the table 
directly below the line of movement of the source. The 
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22. 


23. 


24. 


25. 


26. 


pg 


28. 


29. 


30. 


illuminance at this portion varies with its distance r 
from the source as 


l i 
r r 


(c) Iæ L (d) la eS 
r r 

An electric bulb is hanging over a table at a height of 
1 m above it. The illuminance on the table directly 
below the bulb is 40 lux. The illuminance at a point on 
the table 1 m away from the first point will be about 
(a) 10 lux (b) 14 lux 

(c) 20 lux (d) 28 lux 


A photographic plate is placed directly in front of a 
small diffused source in the shape of a circular disc. It 
takes 12 s to get a good exposure. If the source is rotated 
by 60° about one of its diameters, the time needed to 
get the same exposure will be 

(a) 6s (b) 12s 

(c) 245 (d) 48s 


A photographic plate placed at a distance of 5 cm from 
a weak point source is exposed for 3 s. If the plate is 
kept at a distance of 10 cm from the source, the time 
needed for the same exposure 1s 

(a) 3s (b) 12s 

(c) 245 (d) 48s 


Three light sources A, B and C emit equal amount of 
radiant energy per unit time. The wavelengths emitted 
by the three sources are 450 nm, 555 nm and 700 nm 
respectively. The brightness sensed by an eye for the 
sources are X,, X, and X, respectively. Then, 

(a) X,>X,,X.>X, (b) X, > Xp X, > Xo 

(c) X,>X,,X,>X, (d) X,>X,,X.>X, 


As the wavelength is increased from violetto red, the 
luminosity 

(a) continuously increases 

(b) continuously decreases 

(c) increases, then decreases 

(d) decreases, then increases 


The danger signals are made red because 

(a) people may get frightened 

(b) our eyes are most sensitive to red colour 
(c) the red colour is scattered maximum 

(d) the red colour is scattered minimum 


The refracting angle of the prism is 4.5° and its refractive 
index is 1.52. The angle of minimum deviation will be 
(a) 2° (b) 2.3° 

(c) 4.5° (d) 1.5° 

The angle of the prism for which there is no emergent 
ray will be, if its critical angle is 1, 

(a) greater than i, (b) less than i, 

(c) 2i (d) greater than 2 i. 


A ray of light is incident on a glass slab of refractive 
index 1.52. If the reflected and refracted rays of light 


31. 


2A 


33. 


34. 


35. 


36. 


37. 
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are mutually perpendicular to each other then the angle 
of incidence will be 
(a) 90° 

(c) 56°40' 


(b) 60° 
(d) 19°58" 


A fish looks outside water. It 1s situated at a depth of 
12 cm below water surface. If the refractive index of 
water is 4/3 then the radius of the circle through which 
it can see will be 


(a) 12x = om (b) 12x3cm 
(c) 12x345 cm (d) 2x Š 


The cause of mirage in desert areas is 

(a) the refractive index of atmosphere decreases with 
height 

(b) the refractive index of atmosphere increases with 
height 

(c) the refractive index of atmosphere does not change 
with height 

(d) scattering 


A glass plate inside a colourless liquid becomes 
invisible because 

(a) the densities of both are same 

(b) the refractive indices of both are same 

(c) the colours of both are same 

(d) liquid wets glass surface 


An equilateral prism is lying on the prism table of a 
spectrometer in minimum deviation position. If the 
angle of incidence is 60° then the angle of deviation 
will be. 
(a) 90° 
(c) 45° 


(b) 60° 
(d) 30° 


When aray of light enters from one medium to another 
its velocity in second medium becomes double. The 
maximum value of angle of incidence so that total 
internal reflection may not take place will be 

(a) 60° (b) 180° 

(c) 90° (d) 30° 

A beam of light is incident at point 1 on a screen. A 
plane glass plate of thickness t and refractive index n 


is placed in the path of light. The displacement of point 
will be 


(a) t [1 — L) nearer (b) (1 + L) nearer 
n n 


(c) i{1-+ farther (d) {14+ }tarter 
n n 


The relation between energy E and momentum p of a 
photon is 


(a) E=pce (b) E= 


o Is a [S 


(c) p=Ec (d) E= 
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38. 


39. 


40. 


41. 


42. 


43. 


44, 


45. 


46. 


47. 


The effective mass of photon of wavelength 40 A will 
be 

(a) 55.2 x 10” Kg 
(c) 55.2 x 10" Kg 


(b) 55.2 x 1033 gm 
(d) 55.2 x 1038 Kg 


The momentum of photon of frequency 10'* Hz will be 
(a) 2.2x 10% Kg/m/sec (b) 2.21 x 108 Kg/m/sec 
(c) 10°8Kg/m/sec (d) 0.21 x 10? Kg/m/sec 


Aray of light takes 107”? second to cross a glass slab of 
refractive index 1.5. The thickness of the slab will be 
(a) 10cm (b) 20cm 

(c) 30cm (d) 40cm 


If the frequencies of an ultrasonic wave and an 

electromagnetic wave are same, then 

(a) their wavelengths will be same 

(b) wavelength of electromagnetic wave will be less 
than that of ultrasonic wave 

(c) wavelength of electromagnetic wave will be more 
than that of ultrasonic wave 

(d) the wavelengths of both will be nearly equal 

The Poynting vector for an electromagnetic wave 1s 

(a) S=ExH (b) S=ExB 

(c) S=(ExH)/2 (d) S=(Ex B)/2 


The total energy density for an electromagnetic wave 
in vacuum 1s 


(a) e E (b) e, E 
gE’ E 
(c) [or (d) z, 


If radiations are incident obliquely on a perfectly 
reflecting surface then the pressure exerted by radiation 
on the surface will be 


2 2 l 2 
(a) a eE (b) A eE 
(c) eE (d) a 


Out of the following, whose velocity is equal to that of 
light? 

(a) b-rays 

(c) Ultrasonic waves 


(b) Sound waves 
(d) Thermal waves 


The correct formula for intensity of electromagnetic 
wave 1s 


(a) [=<P> (b) I=c<u> 
©) p= 2 (a) p= EE 
= 2 © 4 


The hours in a clock are marked by points. When it is 
putin front of a mirror and seen in the mirror, then time 


noted is 8.20 The correct time is 
(a) 4:40 (b) 8:20 
(c) 2:40 (d) 3:40 


48. 


49. 


50. 


51. 


52. 


53. 


54. 
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The correct curve between the energy of photon (E) 
and its wavelength (J) is 


— 


(b) 
.—> 
| RSN 

(c) 
1 — 


7 


(d) 


h——> 


All particles of a wave front vibrate 
(a) in same phase (b) in opposite phase 


(c) up and down (d) left and right 
The unit of Poynting vector 1s 
(a) Watt (b) Joule 
Watt Joule 
(o E (d) — 
m m 


For the propagation of electromagnetic waves 
(a) medium is required 

(b) no medium is required 

(c) E and B are in mutually opposite phase 
(d) E and B are in the same phase 


When a ray of light enters from air into water then its 
wavelength 

(a) decreases 

(c) remains unchanged 


(b) increases 
(d) becomes infinity 


The value of 


MoEo 
(a) 3x 106 m/s 
(c) 3x 104 m/s 


(b) 3 x 108 m/s 
(d) 332 m/s 


The radius of a wavefront as the waves propagate 
(a) decreases 
(b) increases 
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5): 


56. 


af 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


(c) becomes zero 
(d) sometimes decreases and sometimes increases. 


The ratio of E to B in electromagnetic waves is equal 
to 


(a) c (b) 


(c) 4c (d) 


N= OIF 


The transverse nature of light waves is verified by 
(a) reflection of light (b) polarisation of light 
(c) refraction of light (d) interference of light 


The velocity of light in a piece of matter is v. The 
thickness of the piece is ¢ and its refractive index is u. 
The distance travelled by light in air in time fv is 


(a) ut (b) wt 
(c) ut? (d) pt! 
The spin of photon is n 
(a) : (b) > 
(c) 3 (d) none 


The cause of shining in diamond is 
(a) scattering of light 

(b) refraction of light 

(c) total internal reflection of light 
(d) dispersion of light. 


An optical fibre (m = 1.72) has coating of glass 
(m= 1.5). The critical angle for total internal reflection 


is 

“(Eo lA 
(a) sin 86 (b) sin 75 
(c) sin” (0.8) (d) sin” (0.82). 


Which of the following colours 1s scattered minimum? 
(a) Violet (b) Blue 
(c) Red (d) Yellow 


The image in Figure shown Ts formed at 


(a) +100 cm 
(c) +80cm 


(b) — 100 cm 
(d) — 80 cm 


In the absence of atmosphere, the sky appears 
(a) coloured (b) blue 
(c) indigo (d) black 


For total internal reflection the ray of light enters 
(a) from rarer to denser medium 

(b) from denser to rarer medium 

(c) medium of same refractive index 

(d) medium with same coefficient of reflection 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72: 


73. 


74. 
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The speeds of light in two media I and II are 2.2 x 10 
m/s and 2.4 x 108 m/s respectively. The critical angle 
for light refracting from I to II medium will be 


(a) sin -= (b) sin -=> 
a) sin T sin 9 
121 124 
„ll E N 

(c) sin F (d) sin >] 


If na 3/2 and n „= 4/3, then the refractive index of 
glass with respect to water will be 


9 » 8 
@) 5 OE 
© 4 @ = 


If the refractive index of water is 4/3 and that of glass is 
5/3, then the critical angle of light entering from glass 
into water will be 


14 15 

o by Ysin — 
(a) sin os (b) sin 1 
G3 11 (d) si 12 
c) sin -——> sin —— 
y l 


Aray of light is incident on an equilateral prism in such 
a way that the angle of incidence is equal to the angle 
of emergence and each is equal to 3/4 of the prism 
angle. The angle of deviation for the ray of light is 
(a) 45° (b) 30° 

(c) 39° (d) 20° 


An equilateral prism has u = 1.732. The angle of 
incidence for minimum deviation is 

(a) 60° (b) 30° 

(c) 45° (d) none of these 


A biconvex lens has focal length of 25 cm. The radius 
of curvature of one the surfaces is double of the other. 
Find the radi. Given yw, = 1.5 

(a) 37.5 cm, 75 cm (b) 18.75 cm, 37.5 cm 

(c) 7.5 cm, 15 cm (d) 15cm, 30 cm 


The sun appears elliptical before sun set because of 
(a) refraction 

(b) reflection 

(c) scattering 

(d) sun contracts itself at that time. 


Sunlight can undergo internal reflection if it enters 
from 

(a) glass to air 
(c) air to water 


(b) air to glass 
(d) water to glass. 


The ratio of refractive indices of red and blue light in 
air will be 
(a) n,<1 
(c) n=l 


(b) n,,>1 
(d) n,,=8 


The refractive index of diamond is 2. The velocity of 
light (an cm/sec) in diamond will be 

(a) 1.5 x 10” (b) 2x10” 

(c) 6x 10" (d) 3x 10'° 
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75. 


76. 


TI: 


78. 


79. 


80. 


81. 


82. 


83. 


When a ray of light is made incident upon an isosceles 
right angle prism, then the following event takes 
place: 

(a) reflection 

(b) total internal reflection 

(c) refraction 

(d) dispersion 


You have to design a compound microscope with 
objective lens of focal length 1 cm. The object should 


be placed at distance from the lens. 
(a) 8mm (b) 11 mm 
(c) 22mm (d) 2cm 


A 5 D lens forms an image four times the size of an 
object. The objects distance is 

(a) 15cm (b) 16cm 

(c) 18cm (d) 12.5 cm 


A pencil dipped partially into water appears bent 
because of 

(a) reflection at water surface 

(b) diffraction at water surface 

(c) refraction at water surface 

(d) water is flowing 


A particle is moving with a speed v along the principal 
axis towards a concave mirror of radius of curvature 
R. The speed of the image as observed is 


R’y R’y 
a =——— (b) 2 
(2x-R) (x-R) 
2R°y R°v 
(c) ——_ (d) —— ø- 
(2x-R) 2(x-R) 
The correct curve between refractive index n and 
wavelength A will be 
(a) A (b) D 
(c) B (d) C 


A red flower when viewed through blue light appears 
(a) red (b) blue 
(c) black (d) violet 


The frequency and wavelength of light in a material are 
4 x 10" Hz and 5 x 107 meter. The refractive index of 
material is 
(a) 1.33 


(c) 1 
Electromagnetic flux of 1380 watt/m? is obtained 


on earth from the sun. The total power incident 
on 25 m x 50 m surface will be 


(b) 1.5 
(d) 0.77 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


ol 
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(a) 1.725 x 10° watt 
(c) 6.9 x 10° watt 


(b) 3.45 x 10° watt 
(d) 1.38 x 107 watt 


An astronomical telescope with magnification 50 1s to 
be designed in normal adjustment. Length of the tube 
is 102 cm. The powers of objective and eyepiece are 
respectively 

(a) 2D,50D 
(c) 1D,40D 


(b) 1.5D,20D 
(d) 1D,50D 


The maximum value of E in an electromagnetic wave 
propagating in X-direction is 1000 Newton/Coulomb 
which is in Z-direction. The value of magnetic field at 
that point will be (in Wb/m7) 

(a) 7.5 x 10°in X-direction 

(b) 3.33 x 10° in Y-direction 

(c) 6x 107 in Z-direction 

(d) 10> in any other direction. 


The maximum electric field at a distance of 11.2 m from 
a point source is 1.96 v/m. The maximum magnetic field 
will be (in-nanotesla) 
(a) 6.53 
(c) 2.38 


(b) 9.87 
(d) 7.99 


In Q. 86 the output power of the source will be 
(a) 80.4 watt (b) 804 watt 
(c) 0.804watt (d) 8.04 watt 


The lens in the the Figure is equiconvex (u= 1.5). The 
radius of curvature of the lens 1s 


| 


20 cm 
(a) 15 cm (b) 20 cm 
(c) 40 cm (d) none 


Assume you are sitting in sun for 2.5 hours. The area of 
your body exposed normally to sun rays is 1.3 m*. The 
intensity of sun rays is 1.1 kilowatt/m’. If your body 
completely absorbs the sun rays then the momentum 
transferred to your body will be (in Kg-m/s) 

(a) 0.043 (b) 0.037 

(c) 0.61 (d) -0.91 


The value of electric field in an electromagnetic wave 
originating from a point source of light at a distance 
of 10 meter is E = 500 volt/m. The electric field at a 
distance of 5 meter will be 
(a) 1000 Volt/meter 

(c) 50 Volt/meter 


(b) 200 Volt/meter 
(d) 25 Volt/meter 


If the relative permeability of a medium is u, and its 
dielectric constant is ¢ then the velocity of light in that 
medium will be 
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J2; 


93. 


94. 


95. 


96. 


97. 


98. 


i l 


(a) —=— (b) -= 
H,E, H,E, 
(C) JHE, lle, (d) VMo&/H,€, 


The correct statement from the following 1s: 

(a) Light exhibits particle nature in propagation and 
wave nature in mutual interaction with matter. 
Light exhibits both wave nature and particle nature 
in mutual interaction with matter. 

(c) Light exhibits both wave and particle nature in 
propagation. 

Light exhibits wave nature in propagation and 
panicle nature in mutual interaction with matter. 


(b) 


(d) 


A sphere (u = 1.5) has a small bubble 6 cm from the 
centre. Radius of the sphere is 10 cm. When seen 
normally from shorter side the bubble appears 

(a) 3 cm below the surface 

(b) 3 cm above the surface 

(c) 7 cm inside the surface 

(d) 4.6 cm below the surface 


A magnifying glass has f= 12 cm. Where shall an object 
be placed to produce maximum angular magnification? 
Least distance of clear vision = 25 cm. 
(a) 7.1 cm (b) 6.8 cm 
(c) 8.4 cm (d) 8.1 cm 


A plane mirror and a concave mirror are 50 cm apart. 
An object is 30 cm from a concave mirror such that 
image of the two coincide. The focal length concave 
mirror is 


(a) 21cm (b) 18cm 

(c) 15cm (d) none of these 
Photon is a 

(a) Fermion (b) Boson 

(c) Nucleon (d) Baryon 


The chromatic aberration in Huygen’s eyepiece is 
corrected using f, = 3 f,.and separation between the 
lenses is 


3 
(a) f, o) Sh 
(c) 1.2f, (d) 2f, 


The correct statement out of the following 1s: 

(a) The nature of elecrtromagnetic radiations in 
travelling from one place of another is wave 
nature. 

(b) The nature of electromagnetic radiations in mutual 
interaction with matter is photon. 

(c) The main cause of microwaves being unfit for 
vision is the particle nature of electromagnetic 
waves. 

(d) All of above. 


99, 


100. 


101. 


102. 


103. 


104. 


105. 
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(a) The wave theory and quantum theory both are valid 
for the whole electromagnetic spectrum. 

(b) Wave theory is valid for long wavelength region 
and quantum theory is valid for short wavelength 
region. 

(c) Wave theory is valid for short wavelength region 
whereas the quantum theory is valid for long 
wavelength region. 

(d) Wave theory and quantum theory both are valid 
for short wavelength region. 


The correct statement out of the following 1s: 


If the velocity of light in glass is 2 x 108 m/s then its 
velocity in water will be, if n= 1.5 and n, = 4/3, 

(a) 3x 108 m/s (b) 2.66 x 108 m/s 

(c) 1.5 x 10° m/s (d) 2.25 x 108 m/s 


If the velocity of light in water is 2.25 x 108 m/s then 
its velocity in carbondisulphide will be (n for carbon- 
disulphide = 1.63) 
(a) 1.84 x 108 m/s 
(c) 2x 108% m/s 


(b) 2.25 x 108 m/s 
(d) 3 x 108 m/s 


The refractive index of glass is 1.5 and velocity of light 
in vacuum is 3.x 10 m/s. Time taken by light in traveling 
500 m in glass will be 
(a) bus 

(c) 4.5 us 


(b) 1.5 us 
(d) 2.5 us 


A point object O is placed midway between the two 
converging mirrors of focal length f each. Find d so 
that object and image coincide 


(a) 27, 4f 
(c) 4f 


A light wave of frequency 5 x 10 Hz passes through a 
medium of refractive index 2.4. Its wavelength in the 
medium will be 
(a) 1x 107m 

(c) 3.3 x 107m 


(b) 2f, 3f 
(d) 2f f 


(b) 4x107m 
(d) 2.5 x 107m 


The effective mass of photon in microwave region, 
visible region and x-ray region is in the following 
order: 

(a) microwave > x-ray > visible 

(b) x-ray > microwave > visible 

(c) microwave > visible > x-ray 

(d) x-ray > visible > microwave 
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Answers to Practice Exercise 3 


1. (b) 2, (d) 3. (d) 4. (c) 5. (b) 6. (a) 7. (b) 
8. (o) 9. (d) 10. (a) 11. (b) 12. (b) 13. (c) 14. (a) 
15. (a) 16. (a) 17. (c) 18. (d) 19. (d) 20. (o) 21. (c) 
22, (b) 23. (c) 24. (b) 25, (o) 26. (c) 27. (d) 28. (b) 
29. (d) 30. (o) 31. (a) 32. (b) 33. (b) 34. (b) 35. (d) 
36. (a) 37. (a) 38. (a) 39. (b) 40. (b) 41. (c) 42. (a) 
43. (b) 44. (a) 45. (d) 46. (b) 47. (a) 48. (a) 49. (a) 
50. (o) 51. (b) 52, (a) 53. (b) 54. (b) 55, (a) 56. (b) 
57. (a) 58. (a) 59. (o) 60. (a) 61. (o) 62. (b) 63. (d) 
64. (b) 65. (b) 66. (a) 67. (a) 68. (b) 69. (a) 70. (b) 
71. (a) 72. (a) 73. (a) 74. (a) 75. (b) 76. (b) 77. (a) 
78. (o) 79. (a) 80. (a) 81. (b) 82. (b) 83. (a) 84. (a) 
85. (b) 86. (a) 87. (o) 88. (b) 89. (a) 90. (a) 91. (b) 
92. (d) 93. (a) 94. (d) 95. (a) 96. (b) 97. (d) 98. (d) 


99. (b) 100. (d) 101. (a) 102. (d) 103. (a) 104. (d) 105. (d) 
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SECTION 2 (WAVEOPTICS) 


BRIEF REVIEW 


Interference If light waves emitted from two coherent 
sources superpose then it results in variation of intensity 
with distance. At certain places intensity is maximum and 
at other places intensity is minimum. This phenomenon 1s 
called interference. 


Coherent Sources Two sources/wave trains are said to 
be coherent if there is a constant or zero phase difference 
between them. No two different sources (except lasers) could 
be coherent. Coherent sources are to be derived from a single 
source. Their state of polarisation remains same. Laser 1s 
considered highly coherent. 


If coherent sources have phase shift ọ then o #f (f) and 


FA = 0. Coherent sources can be obtained by division of 


wave front or by division of amplitude. 


Coherent source obtained with 


division of amplitude 
(1) Newton’s rings 


division of wave front 

(i) YDSE (young’s double slit experiment) 
(ii) Fresnel biprism (11) Thin films 
(111) Lloyd’s mirror (111) Interferometer 
Wave Front is the locus of all adjacent parts at which 
the phase of vibration of a physical quantity associated 
with the wave is the same. That is, at any instant, all 
points on a wave front are at the same part of the cycle 
of their vibration. Wave fronts in general may be of 
three types: (a) Spherical (b) Cylindrical (c) Plane or 
Planar 


Spherical wave fronts are generated from a point source 
or circular slit. 


Cylindrical wave front results from a line source or 
rectangular slit. 


Plane wave front is either of the two if the source is at 
infinity. 


Source 


rays 


Fig. 16.23 (a) Wave front (Spherical) 


rays 


——____ 


Wave fronts (plane) 


Fig. 16.23 (b) Illustrations of plane wave front 


Constructive interference occurs when the coherent 
waves superpose in phase or the path difference is 
integral multiple of the wavelength or even multiple of 
half the wavelength. This type of interference is also called 
reinforcement as light intensity increases, 1.e., bright fringes 
are formed. We may call such points or curves as antinodal. 
See Fig. 16.24 (a) 


Destructive interference occurs when the coherent waves 
superpose out of phase or path difference is an odd 
multiple of half the wavelength. Dark fringes are formed. 
We may call such points or curves as nodal as illustrated in 
Fig. 16.24 (b) 


Yor + Yoo 


Fig. 16.24 (a) Constructive Interference 


Yor ~ Yoo 


Fig. 16.24 (b) Destructive Interference 


Path differences Ax = nA for constructive interference 


Path difference Ax = (2n + 1) < for destructive 


interference 


| 16.28 


I bright 


I 


m a = (forte) 


Conditions to obtain sustained interference 


dark 


Necessary condition 
must be coherent. 


The two sources emitting waves 


Desirable conditions (i) Sources should be mono- 
chromatic having same frequency. (11) They shall have same 
amplitude (111) They shall emit light continuously (iv) The 
separation between the two sources shall be small. 


In YDSE 


AD ._.. . 
Fringe width B= Fa (Difference between two successive 


AD 
dark or bright fringes, 1.e., p =x —x j= FI 
D D D D 
i | i | i | i | i 
— — 


fringe width 
Fig. 16.25 Fringe pattern in YDSE 


nAD 
x= 


n 


for nth bright fringe 


_ (2n-1)AD 


for nth dark fringe 
" 2d 


—— D > 


Fig. 16.26 Angular Fringe Width 


À 
Angular fringe width 0 = F = £ (in radian) 
ÀA 180 
= — x — (in degrees) 
d mT 
S s w oye a ae ee J200, 
Fringe Visibility = i +I 1+, 


Intensity at any point J=2y/° (1+ cos 6)=4I' 
cos? (>). Assuming both sources emit waves of equal 


amplitude y, or equal intensity I’. 6 is phase shift between 
two superposing waves 


[=1,+1,+2,J1, Jl, cos ô 


= (ya t Yon +2 Yo Yor cosd) 
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if intensities or amplitude of superposing waves are 
unequal. 


If YDSE is immersed in a liquid of refractive index u 
then fringes shrink and hence fringe pattern shrinks. 
B AD x 


Brew = u = ud OLX a u 


n 


= mp for nth bright 


fringe. 


If a thin slice of thickness ¢ and refractive index u is 
inserted in front of one of the slits in YDSE, then central 
fringe shifts to a position where originally nth fringe was 
D(u -Dt 

d 


In Fresnel biprism both the sources S, and S, are virtual as 
shown in Fig. 16.27. 


D=a+b 
d=2ad=2a(u-la 


where œ is angle of biprism. 


formed such that (u — 1) t= n À or Ax = 


7 AD A(a+b) 
= d. 2au-Na 
nAD na(a+b) , 
x = N20 T 2a- Da for nth bright fringe. 
= 2n—l)A(at+b 
= eee = ee for nth dark fringe. 
" 2d 4a(u-l)a 


>, (Screen) 
Fig. 16.27 Fringe pattern in fresnel biprism 


If displacement method is used then d= ,/d,d, 


If Fresnel biprism is immersed in a liquid of refractive 
index p’, then 


A 
p WTO Aad) 
2a{ 4-1 Ja AN E 
u 


In Lloyd’s Mirror: Condition of nth bright and dark fringe 
obtained in Lloyd’s mirror gets reversed to what was obtained 
in YDSE; because of reflection an additional phase shift of 


A. 
m or an additional path difference z is achieved. 


, naD 
That is, x, = for nth dark fringe 


(2n-1)AD 


and x = for nth bright fringe. 
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In Lloyd’s mirror one of the sources is real and other 
is virtual or image source. 


Path difference = 2 utcosr=(2n+ 1) < for nth bright 


fringe and 2 ut cosr = nA for nth dark fringe. In reflected 
light 


Path difference 2 utcosr =nA | for refracted or 


A | transmitted light 
2utcosr =(2n+ 25 


Wedge Shaped Film 


A 
Fringe Width B = —., since 


20 
t AX, 
0 = —, Therefore B= 
a 2t 
If plates are kept in a liquid of refractive index u 
e e 
— a OT = 
2u0 2u ween 


t = “ . It is due to interference that a soap bubble 


appears bright colour or oil drops spilled on road in rainy 
season appear of brilliant hue. 


<———_ x — 
roo 


Fig. 16.28 Wedge shaped film 


Time of coherence (t) is the time during which electric 
field vector is in the sinusoidal form. Its value is 10° s. 
Coherence Length L, = ct, Note that if path difference 
> L., coherence nature is lost. Therefore we cannot keep 
distance between two slits or sources > 3 cm. 


Diffraction The bending of wave from the obstacles of 
size of the order of wavelength is termed as diffraction. 
Planar or plane wave front is required for diffraction to take 
place. Diffraction is of two types (a) Fresunel’s class of 
diffraction (b) Fraunhoffer class of diffraction. 


Table 16.1 


Fresnel class Fraunhoffer class 


1. The source is at a Thesourceis at infinite distance. 


finite distance. 


2. No optical aid is 
required. 


Optical aid in the form of 
collimating lens and focusing 
lens are required. 


3. Fringes are not sharp 
and well defined. 


Fringes are sharp and well 
defined 
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Table 16.2 


Interference Diffraction 


Fringes are formed due to 
Superposition of bent rays 
due to superposition of 
secondary wavelets. 


1. Fringes are formed due 
to superposition of wave 
trains emitted from two 
coherent sources. 


2. Intensity of each fringe 
is equal 


Intensity falls as the fringe 
order increases. 


3. Number of fringes is 
and quite large. 


Number of fringes is finite 
(small). 

Fringe width of primary 
and secondary maxima are 
different. 


4. Fringe width is equal for 
each fringe. 


Huygen’s Principle 
1. Each point on the primary wavefront is a source of 
secondary wavelets. 
Secondary wavelets move only in forward direction. 


Secondary wavelets can superpose to produce 
disturbances. 


4. Secondary wavelets as well as primary wavefronts 
move with c (speed of light). 


Diffraction from a single slit 


Secondary 
maxima 


Primary or direct 
or central maxima 


Intensity 


Fig. 16.29 Single slit diffraction 


Path difference = BC = AB sin 0 


= d sin 0 
For minima 
dsinĝ=nÀ 
sin 0 = tan 0 = Žr . Thus di, =nÀ 
D D 


n na 
o x= for nth minima. 
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Note D = f (of focussing lens) 
2AD 


Fringe width f = and 


primary -T 


AD 
P ronin =D (fringe width for secondary maxima 1s 


half the primary maxima) 
2A 
Angular fringe width Pamay = a (radian) 
24 


d 
Angular fringe width P econary = “ 
A 


a L . 
If aperture is circular then sin 0 = ——— where r is 
r 


radius of aperture. 
L.22AD — 1.22Af 


r 


Radius of first dark ring R = 


Polarisation If plane of vibration is fixed then light 
will travel in a single direction. Such a state is called plane 
polarised light. 


In the Fig. 16.30 electric field varies along y-axis and 
magnetic field along z-axis, wave travels along x-axis, plane 
of polarisation is y — z. 


If E = E sin (@t— kx) is the electric field along y-axis 
and B. — B sin (wt — kx) is the magnetic field active along 
z-axis then wave progresses in x-direction. 


Only transverse waves can be polarised, longitudinal 
waves cannot be polarised. Plane polarised light can be 
achieved using 


(b) refraction 
(d) Nicol prism 


(a) reflection 
(c) scattering 
(e) birefracting crystals. 


y 


E, =, sin (wt — kx) 


B, = B, sin (at — kx) 


Fig. 16.30 Plane polarised light 
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Brewester's Law If light is incident on the interface of 
two media such that the angle between reflected and refracted 
radiations 1s 90° then reflected rays are completely polarised. 
Angle of incidence is called angle of polarisation (0). 


Then p= tan 0, 


Malus Law When the plane of polarisation is rotated 
by an angle 0 then intensity of emergent light is given by 
I = I cos? 0. I is intensity of incident polarised light. In 
birefracting analysis there are two rays — ordinary and 
extraordinary. The extraordinary ray does not follow law of 
refraction. If the velocity of extraordinary ray is greater 
than that of ordinary ray such crystals are called negative 
crystals. Examples of negative crystal are Iceland spar, 
tourmaline, sapphire, ruby, emerald and apatite. If the 
ordinary ray has higher velocity than the extraordinary 
ray then such crystals are called positive crystals. Examples 
of positive crystals are quartz, iron oxide. 


If the amplitude of two waves are unequal and 


A 2 . _ À 
angle between the two is z“ path difference is mi then 


an elliptically polarised wave front results, it could be 
elliptically polarised if amplitudes are equal but the angle 


between the two is 0 < 0 < WE 


Short Cuts and Points to Note 


1. Coherent sources are those in which wave trains 
have constant or zero phase difference. The 
coherent sources cannot be two separate sources 
except lasers. Normally they are derived from a 
single source either by division of wave front or by 
division of amplitude. 


2. If two slits have unequal sizes (they act like 
intensity, the intensity of the resultant is 


I= (Jn) + (ya) +2 Vi JI, cos 0 
=L 41,72 JI 60s @ 


=k(S,+S8,+2 


size of the slits. 


S,S, cos 0) where S, and S, are 


2 


_ Coherence radius 


3. Coherent length l aheng = AL 


A Y 

Pooh — H ? p E J ; 
4. In YDSE maximum intensity occurs at d sin 0=na 
and minimum intensity occurs at d sin 0=(2n + 1) 


A 

z 
When interference from narrow slit is studied (slit 
width << A) Then 
E(0)=E cos B=2E cos Band 
I (0) =I cos? B=41 cos’ p. 
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8. 


10. 


When slit is not so narrow then, position of nth 


AD 
WAP emi ba eed 


bright fringe x, = 


d 
and angular fringe width = 2 (rad) = A x 180 
d d T 
(degree) 
X T Ern for nth dark fringe. 


. If the light reaching the point P is direct, or 


transmitted (not reflected) from two sources then 
P will be a bright fringe if the path difference = nA. 


On the other hand, if the light reaching P after 
reflection forms a bright fringe (at P) then path 


difference = (2n + 1) A because reflection causes an 


A 
additional path difference of > (or phase difference 
z radian). 


. If the interference occurs due to reflected light, 


central fringe (or ring in Newton’s rings) will be 
dark. 


If the interference occurs due to transmitted or direct 
light, central fringe will be bright. 


. If white light is used in YDSE, central fringe is white 


surrounded by coloured fringes in VIBG YOR order 
as illustrated in the Figure. 


-——> Red 


—— Blue 

—-+> Indigo 
—> Violet 
—— White 


—— Violet 
Indigo 
Blue 


— Red 


Each fringe in YDSE has equal intensity while 
in diffraction intensity falls as the fringe order 
increases. 


. To locate the central fringe in YDSE, illuminate it 


with white light. The central fringe is white. 


Fringes can be displaced by introducing a thin slice 
in front of one of the slits or in front of both the slits. 
If ż is the thickness of the slice in front of one of the 


11. 


LZ. 


13. 


14, 


15. 


16. 


17. 


18. 


19. 
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slits and u its refractive index then (u — 1) t= nÀ 
describes the shift. (The central fringe now occupies 
the position which was previoulsy possessed by nth 


D 
fringe) OR Ax = 7 (u-—1)t. 


I: a . 
The fringes shrink by — if YDSE is immersed in 
u 


a liquid of refractive index u> 1. 


Fresnel distance is the distance travelled by a beam 
2 


A 
Size of the Fresnel zone a, = Az . Note that a is 
slit width. 


without much broadening by diffraction. z, = 


In Fresuel biprism d = 2a(u — 1)a and D = a + b so 

ee na(atb) 
” Qa(u-la 

method is employed to find d then d= ,/d,d, where 


d, and d, are distance between images of virtual 
source in magnified and diminished cases. 


for nth bright fringe. If displacement 


In Newton’s rings experiment, radius of nth ring is 


given by r = /nAR where R is radius of curvature 
of plano convex lens. 


For nth dark fringe in thin films, 2 ut cos r = nå for 
nth dark fringe in reflected light. For nth dark fringe 
in thin films in refracted or transmitted light 2 ut = 


A 
2n+ 1) —. 
(2n I 


In wedge shaped films, for nth dark fringe 
2 ut = nd if immersed in a liquid of refractive 
index H. 

ae na A 
Inair w=1,t= > ort. = > 


min 


[Maximum number of fringes = 1,50,000 called 
Haidenger fringes]. Thickness of non reflective 


air 


coating on a glass is t= where u is refractive 


index of coating. 

2 
In a zone plate f = Qp+bnd . 
Diffraction occurs due to planar wave front. Fresnel 
diffraction 1s near field diffraction while Fraunhoffer 
diffraction is far-field diffraction. 


Bragg’s Law in diffraction of X-rays from crystals. 
2dsinOd=na 


In diffraction grating if there are N slits/lines per 


inch then grating element (a + b) = and 
(a + b) sin 0 = n A where n is order of the spectrum 


resolving power of grating is 2 = nN. 
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20. 


21. 


22; 


23. 


24. 


25. 


26. 


2T; 


28. 


29, 


30. 


If white light is used in single slit experiment, central 
fringe will be white followed by coloured fringes 
in VIBGYOR order. 


Resolving power of a prism ZH where ż is length 


of the base. 


Only transverse waves can be polarised. Sound 
waves being longitudinal cannot be polarised. 


The crystals in which ordinary ray travels faster 
than extraordinary ray or pu are 
called positive crystals. 


extraordinary > H ordinary 


The crystals in which extraordinary ray travels faster 
than ordinary ray or u are called 
negative crystals. 


ordinary > H extraordinary 


The substances which rotate the plane of polarisation 
are called optically active. The substances which 
rotate the plane of polarisation to its left or anti- 
clockwise are called Leveo rotatory and the 
substances which rotate the plane of polarisation to 
its right or clockwise are called dextrorotator y. 


According to Brewester’s law u = tan 0, where 0, 
is polarising angle (angle of incidence when angle 
between reflected and refracted rays is 90°). 


The intensity of plane polarised light is 7/2 if 
incident unpolarised light has intensity 7. Malus 
law is 7 =I cos? 8. 

The sources like lasers are highly monochromatic 
and coherent. 


Though sodium light gives a doublet, D, and D, 
lines of wavelength 589 A° and 5896 A°. It may 
be considered monochromatic for most of the 
experiments. 


For point sources or spherical wave fronts, intensity 


| ie Es . For cylindrical sources, amplitude A oc = f 
r vr 
r being distance from the source. 

If aperture is circular then radius of first dark ring 
1.22AD _ 1.22Af 
dd 

focussing lens. 


R= where f is focal length of 


2A 
In single slit diffraction fringe width B an a 
AD 
P sec d g 


d sin 0 = n A for nth minima. 


Caution 


1. 


>> 


Considering path difference = n À for bright fringes 
in all cases. 


Path difference = n A for bright fringes for 
transmitted or refracted light. If interference occurs 
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due to reflected light, path difference = n A for dark 
fringe 1.e destructive interference. 


Considering slit width as amplitude of the wave. 


Slit width acts like intensity. Therefore to find 
resultant intensity use 


T=k(S,+S,+ 2 /S,S, cos¢ ) and 


n 
Applying same formula x, = 


even when 


sources are placed horizontally. 


As illustrated in the Figure path difference S L = d 
cos 8. 


Use d cos 0 = n A for nth bright fringe. 


Applying Malus Law even to unpolarised light when 
incident on a polariser. 


The following Figure illustrates that if 7, was the 
intensity of unpolarised light then intensity of 


oO 


I . 
polarised light is > after passing through first 
poloroid (P,) and = cos’@ after passing through 


second poloroid P, inclined at an angle 8. 


Note that Malus law can be applied only to polarised 
light. 


Considering any wavefront meeting an obstacle 
causes diffraction. 


Planar wave front meeting an obstacle of the size 
of the order of wavelength will cause diffraction. 


Considering interference and diffraction are alike. 


For interference one needs coherent sources which 
can be derived from a single source by division of 
wave front or by division of amplitude. In diffraction 
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bent rays or secondary wavelets superpose to form 
fringes. 

Considering equal amplitudes of superposing waves 
is necessary for interference. 


It may be a desirable condition. If amplitudes are 
unequal interference does occur and 


2 
i Pa Í rignt = (2t 
Yoi — Yoz 


i... I 


min dark 


Note: Dark fringe will not be completely dark 
if amplitudes y,, and y,, are not equal. However, 
intensity will be less at dark fringe positions as 
compared to bright fringe positions. 


Considering only monochromatic light is needed 
for intereference or for diffraction to occur. 


Interference and diffraction do occur with white 
light. 


PRACTICE EXERCISE 1 
(SOLVED) 


In a single slit diffraction pattern, (a) find the intensity 
at a point where the total phase difference between 
the wavelets from top to bottom of the slit 1s 66 rad. 
(b) If this point 1s 7° away from the central maxima. 
Find the width of slit. Given: A = 600 nm. 


Consider the arrangement shown in the Figure. 
The distance D is large compared to d. Find minimum 
value of d so that there is a dark fringe at O. For the 
same value of d find x at which next bright fringe is 
formed. 


A narrow slit S transmitting light of wavelength å is 
placed a distance d above a large plane mirror as shown 
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In YDSE central fringe will be white surrounded by 
coloured fringes in VIBGYOR order. Same is the 
case for single slit diffraction experiment. 


. Not remembering the effect of refractive index of 


the medium (u') 


In YDSE fringes shrink by a factor of py’ while in 
Fresnel biprism the situation 1s not simple. 


B = Ala +b) 
w Qa(u— u'a 


. Considering even two circular slits, illuminated with 


a source will give straight line fringes. 


In such cases shape of fringes 1s hyperbola. 


. Assuming the intensity of primary maxima will 


increase in single slit experiment for increasing slit 
width. 


Intensity of principal maxima is independent of slit 
width. 


in the Figure. The light coming directly from the slit 
and that after reflection interfere converge at P on the 
screen placed at a distance D from the slit. What will 
be the intensity at a point just above O? What will be 
x for which first maxima occurs? 


Two trees are 1m apart. A person sees them from a 
distance of 1 km. Will he see the trees resolved? 
(a) Yes (b) No 
(c) May be resolved (d) None 
[MNR 1996] 


Light of wavelength 560 nm goes through a pinhole 
of 0.2 mm and falls on a wall at a distance of 2 m. 
What is the radius of the central bright spot formed on 
the wall? 


In a Lloyd’s mirror experiment a light wave emitted 
directly by the source S interferes with reflected light 
from the mirror. The screen is 1m away form the source 
S. The size of fringe width is 0.25 mm. The source is 
moved 0.6 mm above the initial position, the fringe 
width decreases by 1.5 times. Find the wavelength 
of light. 

[Olympiad 1998] 


A convex lens of diameter 8 cm is used to focus a 
parallel beam of light of wavelength 620 nm. Light is 
focussed at a distance 20 cm. from the lens. What would 
be the radius of central bright fringe? 
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8. A glass plate (n = 1.53) that is 485um thick and 
surrounded by air is illuminated by a beam of white 
light normal to the plate. (a) What wavelengths in the 
visible spectrum (400 to 700 nm) are intensified in the 
reflected beam? (b) What wavelengths are intensified 
in transmitted beam? 


EXPLANATIONS 
ane =l 
1. (a) =I, | ———| =9.2x 1041 
° |  33rad i 
(b) BA _ (66 rad)600x107 


~ Izsind — 27 sin 7° 
= 5.16 x 10° m or 0.052 mm (nearly). 
2. Path difference = AB + BO -2D 


742 A 
24| (D° +d*) —2D= > 
A 
2 2 = — + D 
or 24 (D° +d?) > 2 


2 


Rr 
or 4(Di+d)= 7 +4D'+ 24D 


2 


Eliminate £ as À << D. 


or d= — 
2 


The Figure (b) illustrates that if PO = x = d, path 
differnece will be zero and we will observe first maxima. 


i P 
A ee 
X 
A Mla 
D —'4— D 


3. At just above O intensity is zero because reflection 


À 
introduces an additional path difference of — 


RAY Opticsand Wave Optics | 


In case of linearly polarised light the magnitude of 
electric field vector 

(a) varies periodically with time 

(b) increases and decreases linearly with time 

(c) does not change with time 

(d) is parallel to the direction of propagation 


(2n—1)Ad 
“5 2d 
Put n = | and d = 2d as image of s will be 2d apart as 
illustrated in the Figure. 


AD _ AD 


“5 900d) 4d 


O 4— X — T 


(a) For trees to be resolved 


d | d 
— > resolution power of eye — = 
D D 


10° 


Lo l 1 3.14 4 
RP = | — | = — x — =—— x10 


60 60 60 10.8 


d 
Since D > resolution power of eye. 


Tree appear resolved. 


1.22AD 
E r 
-9 
_ a EET 
0.1x10 
p= AD _ 09.95 x 10°or AD = ” x 10° 
d 4 
Case (ii) B= AD E 0.25x10°d _ 10° 
d+1.2x10° 1.5 6 
e D- 10°d A 1.2x10°x10°? 
6 6 
he dx10° _ 0.6x10°x10° 206 on 
4D 1.0 
d d 1.2x10° 
4 6 6 


or d= 2.4mm 
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= 1.22AD _ 1.22x620x10°x0.2 
op 4x10? 
=3 8 x 10m. 


7. (a)R 


8. (a) In reflected light 2 ut = (2n + 1) Å 
4 ut 2970 


~ 2n+1 2n+l 


nm = 594 nm, 424 nm 


PRACTICE EXERCISE 2 
(SOLVED) 


1. In YDSE, an electron beam is used to obtain interference 
pattern. If speed of electrons is increased, 
(a) no interference pattern will be observed 
(b) distance between the consecutive fringes will 
increase 
(c) distance between two consecutive fringes will 
decrease 
(d) distance between two consecutive fringes remains 
same 
[IIT Screening 2005] 


h 
Solution (c) A= —:; if v increases, A decreases. Therefore 
mv 
p= 2 will decreases. 


2. In YDSE the angular position of a point on the central 


E ; 
maxima whose intensity is ri of the maximum 
intensity. 


. =1 A 
(a) sin J 

mof 4 
(c) sin Z) 


aes 
(b) sin ad 


, A 
d Al 
(d) sin Z) 


[IIT Screening 2005] 


2cos@ cos @ 
Solution (c) = 
2 2 
l 2a 
= 2 rer 
2 
ld d sin 0= — 
A 


3 
. 1l (=) 
or g = sin 3d 


3. A YDSE uses a monochromatic source. The shape of 
the fringe formed on the screen, is 
(a) hyperbola (b) circle 
(c) straight line (d) perabola 
[AIEEE, 2005] 


Solution (c) 


2 ut 
(b) In transmitted light 2 ut=ndAorA= lai 
1485 n 
= —— =495 nm 
n 


9. (a) E= E sin (wt — kx), it varies periodically 
with time. 


4. When an unpolarised light of intensity, J is incident on 
a polarising sheet, the intensity of the light which does 
not get transmitted is 


I I 
(c) zero (d) L 


[AIEEE, 2005] 
Solution (a) 


5. The intensity of principal maxima in the single slit 
diffraction pattern is 7? What will be its intensity when 


slit width is doubled? 

(a) 20 (b) 47, 
I 

(c) L (d — 
2 


[AIEEE, 2005] 
Solution (c) 


6. Two waves of intensity 7 undergo interference. The 
maximum intensity obtained is 
(a) 1/2 (b) 27 
(c) I (d) 4I 
[BHU, 2005] 
Solution (d) I =I+I+2vVI VI cos 0=41. (for 6 = 0) 


7. The wave theory in its original form was first postulated 
by 
(a) Issac Newton 
(c) Christian Huygens 


(b) Thomas Young 
(d) Augustin Jean Fresnel 
[Karnataka, 2005] 


Solution (c) 


8. Two coherent light beams of intensity J and 4 I are 
superposed. The minimum and maximum possible 
intensities in the resulting beam are 


(a) 9JandI/ (bì) 9fand3 1 
(c) SJand/ (d) SJand3/ 
[CET Karnataka, 2005] 
Solution (@ fax = (ZT) -2 
oiron T Jal -JI | 
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9. 


A single slit of width a is illuminated by violet light 
of wavelength 400 nm and width of the diffraction 
pattern is measured as y. Half of the slit is covered and 
illuminated with 600 nm. The width of the diffraction 
pattern will be 
(a) y/3 
(b) pattern vanishes and width is zero 
(c) 3y 
(d) none of these. 

[CET Karnataka, 2005] 


2x400D 
2AD y d l 
Solution (c) £= T J = 5600D 2"? = 3y 
d 
2 


10. 


When unpolarised light beam is incident in air into glass 

(n= 1.5 ` at polarising angle) 

(a) reflected beam is 100% polarised 

(b) reflected and refracted beam are partially 
polarised 

(c) the reason for (a) is that almost all the light is 
reflected 

(d) all the above 

[CET Karnataka, 2005] 


Solution (a) 


11. 


Select the right option. 

(a) Christian Huygens, a contemporary of Newton 
established the wave theory of light by assuming 
that light waves are transverse. 

(b) Maxwell provided the compelling theoretical 
evidence that light is transverse.in nature. 

(c) Thomas Young experimentally proved the wave 
behaviour of light and Huygens assumption. 

(d) All the statements given above correctly answer 
the question, what is light. 

[CET Karnataka, 2005] 


Solution (b) 


12. 


In placing a thin sheet of mica of thickness 12 x 10° 
cm in the path of one of the interfering beams in YDSE, 
the central fringe shifts equal to a fringe width. Find 
the refractive index of mica. Given A = 600 nm. 

(a) 1.5 (b) 1.48 

(c) 1.61 (d) 1.56 


AD D A 
Solution (a) Fi =(u- 1) pS a +1=.5 


13. 


The waves emitted by a radio transmitter are 
(a) linearly polarised (b) unpolarised 
(c) monochromatic (d) elliptically polarised 


Solution (a) 


14. 


Dichorism means 
(a) selective absorption of unpolarised light 
(b) selective absorption of dispersed light 
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(c) selective absorption of scattered light 
(d) selective absorption of one of the polarised 
components 


Solution (d) 


15. 


I 
Solution (b)/= 3 cost 30 = > 


16. 


Two nicol prisms are kept perpendicular. One of them is 
illuminated with a light intensity (natural) I,. Two more 
nicol prisms are introduced in between symmetrically. 
Find the light intensity emitted from the last nicol prism. 


271, yy 2H 
(a) (b) zg 
I 9] 

D d) — 
© 7 35 A: 4 


2 


t= cos? 30 
2 


The angle between reflected and refracted beams 1s 
90° in the water air interface. The angle of incidence 
in water 1s 
(a) 60° 
(c) 30° 


(b) 53° 
(d) 37° 


3 
Solution (d) tan 0 = ri 0 = 37° 


17. 


In a birefracting crystal ordinary ray travels faster than 
extraordinary ray. The crystal is called 

(a) positive crystal 

(b) negative crystal 

(c) no such demarcation exists 

(d) dextro rotatory 

(e) leveo rotatory 


Solution (a) 


18. 


If in a birefracting crystal the magnitude of FE and E, 
are equal and phase angle between the two is 60° then 
the waves are 

(a) linearly polarised 
(c) circularly polarised 


(b) plane polarised 
(d) elliptically polarised 


Solution (d) 


19. 


Antinodal curves correspond to interference. 
(a) constructive 


(b) destructive 
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(c) where intensity is less than maximum but not 
completely zero 
(d) none of these 


Solution (a) 


20. A radio station operating at a frequency 100 KHz 
has two vertical dipole antennas spaced 400 m apart 
oscillating in phase. In which directions 1s the intensity 
greatest? 

(a) 0, 30°, + 90° 
(c) 0, + 45°, + 90° 


(b) 0, 30°, + 60° 
(d) 30°, + 60°, + 90° 


C 3x108 


Solution (a) 4= F = 15x10 


nA _ n200) n A 0=0 + 30° + 90° 
d to Aa, 


= 200 m sin 0 = 


21. Inthe above question where will minimum intensities 
be found? 
(a) +14.5°, + 48.6° 
(c) +14.5°, + 68.5° 
(2n+1) 
4 


3 
0 = sin’ mig +48.6° 


(b) 30°, + 45° 
(d) + 14.5°, + 79.6° 


l 
Solution (a) sin 0= 0 = sin! — or 0 = 4 14.5° 
4 


22. When exposed to sunlight, thin films of oil on water 
often exhibit brilliant colours due to the phenomenon of 
(a) dispersion (b) interference 
(c) diffraction (d) angular acceleration 


Solution (b) 


PRACTICE EXERCISE 3 
(UNSOLVED) 


1. In a Young’s double-slit experiment, the fringe width 
is P. If the entire arrangement is now placed inside a 
liquid of refractive index p, the fringe width will 


become 

(a) up (b) f 

G 2 (a) -Z 
u+l u-l 


2. Ina Young’s double slit experiment, let S, and S, be 
the two slits, and C be the centre of the screen. If 
ZS,CS, =0 and / is the wavelength, the fringe width 


will be 
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23. Two glass plates are 10 cm long. At one end a piece 
of paper 0.02 mm thick is placed to make a wedge as 
shown in the Figure. Find the separation between the 
two fringes. Assume A = 500 nm. 

(a) 1.25nm (b) 1.5 nm 
(c) 2.5 nm (d) none of these 


Solution (a) 2¢=7 A; 


7 Al 500x10? x.1 
~ 2x2x10” 


= ].25 x 103m 


24. A commonly used lens coating material is Mg F, with 
n = 1.38. Find the thickness of non-reflective coating 
one shall have for 550 nm light if it is applied to glass 


of n = 1.52. 
(a) 400 nm (b) 200 nm 
(c) 300 nm (d) 100 nm 


Solution. (d) 550 nm wavelength in Mg F, will be 


ade = 2? = 400 
“a 138 oe 
l= A = 100 nm 
4 


3. When a drop of oil is spread on a water surface, ıt 
displays beautiful colours in daylight because of 
(a) dispersion of light (b) reflection of light 
(c) polarisation of light (d) interference of light. 


4. Ina Young’s double slit experiment, let f be the fringe 
width, and let J, be the intensity at the central bright 
fringe. At a distance x from the central bright fringe, 


the intensity will be 
a| x 
(b) Z cos (=) 


x 
(a) 100s{ = 
>| TX I Nx 
(c) Z cos“| — (d) |= gpa 
o) o ejoa) 
5. Choose the correct statement. 


(a) Brewster’s angle is independent of wavelength of 
light. 
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11. 


LZ, 


(b) Brewster’s angle is independent of nature of 
reflecting surface. 

(c) Brewster’s angle is different for different 
wavelengths. 

(d) Brewster’s angle depends on wavelength but not 
on the nature of reflecting surface. 


A ray of light strikes a glass plate at an angle of 60°. 
If the reflected and refracted rays are perpendicular to 
each other the index of refraction of glass is 


V3 
(a) > (b) oa 
(c) = (d) 1.732 


When unpolarised light is incident on a plane glass 
plate at Brewster’s angle, then which of the following 
statements is correct? 

(a) Reflected and refracted rays are completely 
polarised with their planes of polarisation parallel 
to each other. 

(b) Reflected and refracted rays are completely 
polarised with their planes of polarization 
perpendicular to each other. 

(c) Reflected light is plane polarised but transmitted 
light 1s partially polarised. 

(d) Reflected light is partially polarised but refracted 
light 1s plane polarised. 


A ray of light is incident on the surface of a glass plate 
of refractive index 1.55 at the polarising angle. The 
angle of refraction is 
(a) O° 

(c) 32°49! 


(b) 147° U 
(d) 57°11' 


A calcite crystal is placed over a dot on a piece of 
paper and rotated. On viewing through calcite, one 
will see 

(a) a single dot 

(b) two stationary dots 

(c) two rotating dots 

(d) one dot rotating about the other 


From Brewster’s law, it follows that the angle of 
polarisation depends upon 

(a) the wavelength of light 

(b) orientation of plane of polarisation 

(c) orientation of plane of vibration 

(d) none of these 


Optically active substances are those which 

(a) produce polarised light 

(b) rotate the plane of polarisation of polarised light 

(c) produce double refraction 

(d) convert plane polarised light into circularly 
polarised light 


Light transmitted by Nicol prism is 
(a) unpolarised (b) plane polarised 
(c) circularly polarised (d) elliptically polarised 
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A beam of light AO is incident on a glass slab (u = 1.54) 
in a direction as shown in the Figure. The reflected ray 
OB is passed through a Nicol prism. On rotating the 
Nicol prism we observe that 


(a) the intensity is reduced to zero and remains zero 

(b) the intensity reduces somewhat and rises again 

(c) there is no change in intensity 

(d) the intensity gradually reduces to zero and then 
again increases 


In the propagation of electromagnetic waves the angle 
between the direction of propagation and the plane of 
vibration is 


IT 
(a) x b) > 
(c) T (d) 0 


An unpolarised beam of intensity 2a’ passes through 
a thin poloroid. Assuming zero absorption in the 
poloroid, the intensity of emergent plane polarised light 
will be 
(a) 2a? 


(c) 2a’ 


(b) a 
(d) a 


V2 


Two Nicols are oriented with their principal planes 
making an angle of 60°. The percentage of incident 
unpolarised light which passes through the system is 
(a) 50% (b) 100% 

(c) 12.5% (d) 37.5% 


Unpolarised light falls on two polarising sheets placed 
one on top of the other. What must be the angle between 
the characteristic directions of the sheets if the intensity 
of the final transmitted light 1s one-third the maximum 
intensity of the first transmitted beam? 

(a) 75° (b) 55° 

(c) 35° (d) 15° 


In the above problem if the final intensity 1s one third 
the intensity of incident beam, then the corresponding 
angle will be 
(a) 75° 
(c) 35° 


(b) 55° 
(d) 15° 
Unpolarised light of intensity 32Wm” passes through 


three polarisers such that the transmission axis of 
the last polariser is crossed with that of the first. The 
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intensity of final emerging light is 3 Wm”. The intensity 
of light transmitted by first polariser will be 

(a) 32 Wm” (b) 16 Wm” 

(c) 8 Wm”? (d) 4 Wm”? 


In the above problem, the angle between the 
transmission axes of the first two polarisers will be 
(a) 10° (b) 30° 

(c) 45° (d) 60° 


In YDSE find the missing wavelength in front of one 
of the slits 


(ay) 4 (bo) 24 
2D D 
o 4 (dy 4 
3D 4D 


If YDSE is immersed in a liquid of refractive index 
u then fringewidth f 
(a) decreases by u 

(c) remains unchanged 


(b) increases by u 
(d) none of these 


In the visible region of the spectrum the rotation of the 
plane of polarisation is given by 


0=a+ 


2 


The optical rotation produced by a particular material 
is found to be 30° per mm at A = 500Å and 50° per mm 
at A = 4000 A. The value of constant a will be 


(a) 30° per mm (b) — ~ per mm 
9° 
9° 9 

(c) + per mm (d) ——— per mm 
50° 50° 


In the above problem, the value of constant b in degree 
A? per mm, will be 


(a) 8x10 (by. —3x10° 
9 9 


(c) 2x10 (d) -2x105 

8 8 
In a diffraction (single slit experiment), slit is exposed 
by white light. The fringe surrounding the central fringe 
is 
(a) red 
(c) violet 


(b) yellow 
(d) green 


A beam of natural light falls on a system of 6 polaroids, 
which are arranged in succession such that each 
polaroid is turned through 30° with respect to the 
preceding one. The percentage of incident intensity 
that passes through the system will be 

(a) 100% (b) 50% 

(c) 30% (d) 12% 

A beam of unpolarised light 1s passed first through 


a tourmaline crystal A and then through another 
tourmaline crystal B oriented so that its principal plane 
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is parallel to that of A. The intensity of final emergent 
light is J. The value of J is 


(a) i (by “o 
2 4 
(c) a (d) none of these 


In the above problem, if A is rotated by 45° in a plane 
perpendicular to the direction of incident ray, then 
intensity of emergent light will be 


I I 
(a) g (c) 7 
(c) : (d) none of these 


A beam of plane polarised light falls normally on 
a polariser of cross sectional area 3 x 10~*m?. The 
polariser rotates with an angular frequency of 31.4 
rad/s. The energy of light passing through the polariser 
per revolution will be 
(a) 10% Joule 

(c) 107 Joule 


(b) 10° Joule 
(d) 107 Joule 


In the above problem, the intensity of the emergent 
beam, if flux of energy of the incident ray is 10° W, 
will be (in W/m?) 


(a) (b) 


(c) (d) 


vle wile 
Wi] Mm wl bh 


An unpolarised beam of light is incident on a group 
of four polarising sheets which are arranged in such a 
way that the characteristic direction of each polarising 
sheet makes an angle of 30° with that of the preceding 
sheet. The percentage of incident light transmitted by 
the first polariser will be 
(a) 100% 

(c) 25% 


(b) 50% 
(d) 12.5% 


In the above problem, the percentage of incident light 
transmitted by the second polariser will be 

(a) 12.5% (b) 25% 

(c) 37.5% (d) 50% 


In Q. 31, the percentage of incident light transmitted 
by the third polariser will be 

(a) 11.5% (b) 17.125% 

(c) 22.7% (d) 28.125% 


In Q. 31, the percentage of incident light transmitted 
by the fourth polariser will be 

(a) 21.1% (b) 28.125% 

(c) 37.5% (d) 50% 


In Fresnel ’s biprism experiment the amplitude of second 
coherent source is four times that of the first. The ratio 
of their intensities will be 
(a) 4:1 

(c) 16:1 


(b) 1:4 
(d) 1:16 
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In Young’s double slit experiment the distance between 
two slits S, and S, is d. Interference pattern is obtained 
by these slits on a screen distant D from the slits. A 
dark fringes is produced at point P just in front of S, 
The wavelength of light used is 


bo 


(a) A= (b) A= 


(c) A= (d) A= 


alo Xo 
vls ols 


In Fresnel biprism experiment, when light of wavelength 
6000 A is used then 16th bright fringe is obtained at 
point P. If light of wavelength 4800 A is used then the 
order of fringe obtained at point P will be 

(a) 16th (b) 20th 

(c) 18th (d) 24th 


The maximum intensity produced by two coherent 
waves of intensity J, and J, will be 


(a) 1,41, (b) FHE 
(c) 1,+1,+2 (d) zero 


Two independent monochromatic sodium lamps can 

not produce interference because 

(a) the frequencies of the two sources are different 

(b) the phase difference between the two sources 
changes with respect to time 

(c) the two sources become coherent 

(d) the amplitudes of two sources are different 


The path difference between two wave fronts emitted by 
coherent sources of wavelength 5460 A is 2.1 micron. 
The phase difference between the wavefronts at that 
point is 


(a) 7.692 (b) 7.692 x 
7.692 7.692 

(c) —— (d) ——— 
mT 3m 


The path of difference between two interfering waves 
at a point on the screen is A/8. The ratio of intensity at 
this point and that at the central fringe will be 

(a) 0.853 (b) 8.53 

(c) 85.3 (d) 853 


The two coherent sources of equal intensity produce 
maximum intensity of 100 units at a point. If the 
intensity of one of the sources 1s reduced by 36% by 
reducing its width then the intensity of light at the same 
point will be 
(a) 90 

(c) 67 


(b) 89 
(d) 81 


White light is incident on a soap film of thickness 
15 x 10° cm and refractive index 1.33. Which 
wavelength 1s reflected maximum in the visible region? 
(a) 26000 A (b) 8866A 
(c) 5320A (d) 3800A 


If the whole biprism experiment is immersed in 
water then the fringe width becomes, if the refractive 
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indices of biprism material and water are 1.5 and 1.33 
respectively. 
(a) 3 times (b) 


(c) $ times (d) 


J 
— times 


— times 
3 


In a biprism experiment fifth dark fringe is obtained at 
a point. If a thin transparent film is placed in the path 
of one of waves, then seventh bright fringe is obtained 
at the same point. The thickness of the film in terms of 
wavelength X and refractive index u will be 


1.5A 
b) 1.5(-1A 
(a) TE (b) 1.5-1) 
(c) 2.5 u- 1) (d) aL 
(u-1) 


Light of wavelength 7500 A is incident on a thin glass 
plate (u = 1.5) so that the angle of refraction obtained 
is 30°. If the plate appears dark then the minimum 
thickness of plate will be 

8000 


4000 V3 A b) ——A 
(a) (b) B 
(c) Roog A (d) 1000 ¥3 A 


B 


In Fresnel biprism experiment the refractive index 
for the biprism is u = 3/2 and fringe width obtained is 
0.4 mm. If the whole apparatus is immersed as such 
in water then the fringe width will become 

(refractive index of water is 4/3). 

(a) 0.3mm (b) 0.225 mm 

(c) 0.4mm (d) 1.2mm 


The distance between slit and biprism and that between 
biprism and screen each is 0.4 m. The obtuse angle 
of biprism is 179° and refractive index is 1.5. If the 
fringe width is 1.8 x 10* m then the distance between 
imaginary sources will be 


(a) 8.7mm (b) 4.36 mm 

(c) 1.5mm (d) 3.5mm 

In the above problem, the wavelength of light will be 
(a) 7850 A (b) 6930 A 

(c) 5890 A (d)3750 A 


In Young’s double slit experiment one slit 1s covered 
with red filter and another slit 1s covered by green filter, 
the interference pattern will be 

(a) red (b) green 

(c) yellow (d) invisible 


In biprism experiment, fringes are obtained by white 
light source. The fringe nearest the central fringe 
will be 

(a) yellow 
(c) violet 


(b) green 
(d) red 


The distance between two coherent sources produced 
by a biprism is 1.0 mm. When distance between the 
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source and the screen 1s 0.9 m the fringe width obtained 
is 0.12 mm. If the screen 1s placed at a distance of 1.8 
m then fringe width will be 

(a) 0.6mm (b) 0.8 mm 

(c) 0.9mm (d) 0.24 mm 


In Young’s double slit experiment 62 fringes are visible 
in the field of view with sodium light (A = 5893A). If 
green light (A = 5461A) is used then the number of 
visible fringes will be 
(a) 62 
(c) 85 


(b) 67 
(d) 58 


In Young’s double slit experiment two light beams of 
wavelengths 2, = 6000 A and A, = 4800 A are used. 
The distance between two slits is 2.5 mm. The distance 
between slits and the screen is 1.5m. The distance between 
the central maxima obtained with two beams will be 

(a) zero (b) 1.872 mm 

(c) 2.872 mm (d) 2.652 mm 


In the above problem the distance of seventh dark fringe 
for A, from central maximum will be 

(a) 1.652 mm (b) 1.872 mm 

(c) 2.872 mm (d) 2.652 mm 


Tenth fringe of wavelength 4000 A coincides with 8th 
fringe of wavelength À. Then A is 

(a) 50nm (b) 555 nm 

(c) 450 nm (d) none 


Which of the following formula is incorrect in a 
biprism? 


(a) d= Jd,d, 


(b) d= 2a (u #4 Dæ 


d DA d) d i 
© d=- d d= 
The ratio of phase difference and path difference is 
2% 
a) 2 A — 
(a) 2p (6). = 
A 1 
O == My — 
27 À 


The correct relation between time interval 6 and phase 
difference 6 is 


(a) aus b) 9-275 
2m T 
(c) @=2265 TE ga 
2a 


If the amplitude of two light waves are 1 and 2 units 
respectively then the average intensity will be 

(a) 3 units (b) 1 units 

(c) 5 units (d) V3 units 


Interference event is observed 
(a) only in transverse waves 
(b) only in longitudinal waves 
(c) in both types of waves 

(d) none of these 
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The nature of light which is verified by the interference 
event is 

(a) particle nature 
(c) dual nature 


(b) wave nature 
(d) quantum nature 


In the phenomenon of interference, energy is 
(a) destroyed at bright fringes 

(b) created at dark fringes 

(c) conserved, but it is redistributed 

(d) same at all points 


For which colour is the fringe width minimum? 
(a) Violet (b) Red 

(c) Green (d) Yellow 

How many colours comprise white light? 


(a) Infinite (b) Seven 
(c) Three (d) Fourteen 


Monochromatic light is that light in which 
(a) single wavelength is present 

(b) various wavelengths are present 

(c) red and violet light is present 

(d) yellow and red light is present 


The refracting angle of biprism is 

(a) 179° (b) 1° 

(c) 1/2° (d) 90° 

In biprism experiment the light source is 


(a) extended (b) narrow 
(c) multichromatic (d) all of above 


A very thin film in reflected white light appears 


(a) coloured (b) white 
(c) black (d) red 
The time of coherence is of the order of 
(a) 10*s (b) 10°%s 
(c) 10°%s (d) 107s 


If the frequency of light emitted by a source in an 
interference experiment is made four times then the 
fringe width will become 
(a) four times 
(c) one fourth 


(b) three times 
(d) half 


In Young’s double slit experiment if the maximum 
intensity of light is Z „ then the intensity at path 
difference A/2 will be 


l 

(a) Lox (b) cs 

(c) Imax (d) Zero 
4 


The correct curve between fringe width f and distance 
between the slits (d) is 


(a) (b) 
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(c) + @ 


d 


Two coherent waves are represented by y, = a, cos 
ot and y, = a, sin øt. The resultant intensity due to 
interference will be 


(a) (a, +a,) (b) (a,-4,) 
(c) (a; +a;) (d) (a? +a) 


Interference pattern can be produced by two identical 

sources. Here the identical sources mean that 

(a) their size is same 

(b) their wavelength is same 

(c) the intensity of light emitted by them is same 

(d) the amplitudes of light waves emitted by them are 
same 


In biprism experiment, when the slit and the eyepiece are 
set at lcm and 100 cm, the width of 10 fringes is found 
to be 9.72 mm. If the distances between the images 
formed in the eyepiece in two positions of lens are 
0.3 mm and 1.2 mm respectively then the wavelength 
of light used is 

(a) 5832A (b) 5840 A 

(c) 5820A (d) 5700 Å 


If in Young’s double slit experiment, the distance 
between the slits is halved and the distance between 
slit and screen is doubled, then the fringe width will 
become 
(a) half 
(c) four times 


(b) double 
(d) unchanged 


In coherent sources, it is necessary that their 
(a) amplitudes are same 

(b) wavelengths are same 

(c) frequencies are same 

(d) initial phase remains constant 


The intensity of central fringe in the interference 
pattern produced by two identical slits is Z. When one 
of the slits is closed then the intensity at the same point 
is Z» The relation between J and 7, is 


(a) 1=41, (b) 1=21, 
(c) =I, (d) r= 2 


The fringe width for red colour as compared to that for 
violet colour is approximately 

(a) three times (b) double 

(c) four times (d) eight times 


Light of wavelength 6.5 x 107” meter is made incident 
on two slits Imm apart. The distance between third 
dark fringe and fifth bright fringe on a screen distant 
1 m from the slits will be 
(a) 0.35 mm 
(c) 1.63 mm 


(b) 0.65 mm 
(d) 3.25 mm 
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The oil layer on the surface of water appears coloured 
due to interference. For this effect to be visible the 
thickness of oil layer will be 

(a) 1mm (b) 1 cm 

(c) 100 Å (d) 1000 Å 


In Young’s double slit experiment, the ratio of the slit 
widths is 1 : 4. The ratio of maximum and minimum 
intensities in the interference pattern will be 

(a) 4:9 (b) 9:4 

(c) 9:1 (d) 1:9 


In Young’s double slit experiment, the ratio of maximum 

and minimum intensity in the interference experiment 

is 9. It means that the 

(a) ratio of their amplitudes is 4 

(b) ratio of their amplitudes is 2 

(c) intensities due to two slits are 4 units and 1 unit 
respectively 

(d) intensities due to two slits are 5 units and 4 units 
respectively 


Intensity of light depends on 
(a) amplitude (b) frequency 
(c) wavelength (d) velocity 


In Young’s double slit experiment, the source S and two 
slits A and B are lying in a horizontal plane. The slit A 
is above slit B. The fringes are obtained on a vertical 
screen K. The optical path from S to B is increased by 
putting a transparent material of higher refractive index. 
The path from S to A remains unchanged. As a result 
of this the fringe pattern moves some what 

(a) upwards 

(b) downwards 

(c) towards left horizontally 

(d) towards right horizontally 


In Fresnel’s biprism experiment, the coherent sources 
are obtained by 
(a) interference 
(c) refraction 


(b) reflection 
(d) total internal reflection 


The colour of bright fringe nearest the central 
achromatic fringe in the interference pattern with white 
light will be 
(a) violet 
(c) green 


(b) red 
(d) yellow 


In Young’s double slit experiment, the intensities of 
dark and bright fringes are I and 41 respectively. The 
ratio of amplitudes of sources is 

(a) 4:1 (b) 1:3 

(c) 3:1 (d) 1:2 


When a thin film of thickness ¢t is placed in the path 
of light wave emerging out of S, then increase in the 
length of optical path will be 


(a) (u-I)t (b) (u +1)t 
(c) ut (d) E 
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A thin sheet of mica is placed in the path of S,.The 
fringes will get shifted towards 

(a) S, 

(b) S, 

(c) both sides 

(d) first towards S, and then towards S, 


Two coherent waves of light will not produce 
constructive interference if the phase difference 
between them, is 
(a) 0° 

(c) 720° 


(b) 360° 
(d) 90° 


In Young’s double slit experiment, the interference 
pattern obtained with white light will be 

(a) the central fringe bright and alternate bright and 
dark fringes 

the central fringe achromatic and coloured fringes 
for small path difference 

(c) the central fringe dark 

(d) the central fringe coloured 


Two coherent sources with intensity ratio B produce 
interference. The fringe visibility will be 


a) 248 


(b) 


4B (b) 22 
2 VB 
(©) (1+2) (©) 1+8 


In Fresnel’s biprism experiment a mica sheet of 
refractive index 1.5 and thickness 6 x 10% m is placed 
in the path of one of interfering beams as a result of 
which the central fringe gets shifted through five fringe 
widths. The wavelength of light used is 
(a) 6000 A (b) 8000. Å 
(c) 4000 Å (d) 2000 À 


What will be the distance between two slits which, when 
illuminated by light of wavelength 5000 A, produce 
fringes of width 0.5 mm on a screen distant 1 meter 
from the slits? 
(a) 10° meter 
(c) 10~* meter 


(b) 10° meter 
(d) 10° meter 


If the ratio of maximum and minimum intensities in an 
interference pattern is 36 : 1 then the ratio of amplitudes 
of two interfering waves will be 

(a) 5:7 (b) 7:4 

(c) 4:7 (d) 7:5 


Fringes are obtained with the help of a biprism in the 
focal plane of an eyepiece distant 1 meter from the 
slit. A convex lens produces images of the slit in two 
positions between biprism and eyepiece. The distances 
between two images of the slit in two positions are 4.05 
x 10° m and 2.90 x 10° m respectively. The distance 
between the slits will be 
(a) 3.43 x 10°m 

(c) 0.0343 m 


(b) 0.343 m 
(d) 343m 
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The device which produces highly coherent sources is 
(a) Fresnel biprism (b) Young’s double slit 
(c) Laser (d) Lloyd’s mirror 


In Young’s double slit experiment, if the sodium light 
is replaced by violet light of same intensity then in the 
interference pattern 
(a) PB will decrease 
(c) Iwill decrease 


(b) B will increase 
(d) J will increase 


The equations of waves emitted S,, S,, S, and S, are 
respectively y, = 20 sin(100z t), y, = 20 sin(200z 2), 
y, = 20 cos(100 ~ t) and y, = 20 cos(100z ft). The 
phenomenon of interference will be produced by 

(a) y, andy, 

(b) y, and y, 

(c) y, and y, 

(d) Interference is not possible 


In double slit experiment, the distance between two 
slits is 0.6 mm and these are illuminated with light of 
wavelength 4800 A. The angular width of dark fringe 
on the screen distant 120 cm from slits will be 

(a) 8x 10“ Radian (b) 6x 10“ Radian 

(c) 4x 10% Radian (d) 16 x 10* Radian 


In theabove problem the ratio of intensities at the centre 
and at a distance of 1.2 mm from centre will be 

(a) 1:2 (b) 1:1 

(c) 4:1 (d) 1:4 


Two coherent sources of wavelength 6.2 x 10m produce 
interference. The path difference corresponding to 10th 
order maximum will be 
(a) 6.2 x 10°m 
(c) 15x 10°m 


(b) 3.1 x 10°%m 
(d) 12.4 x 10m 


In the above problem, the path difference corresponding 
to the dark fringe between third and fourth maxima 
will be 

(a) 4.17 x 10%m 
(c) 6.17 x 10%m 


(b) 2.17 x 10%m 
(d) 8.17 x 10%m 


In Fresnel biprism experiment, the distance between 
the source and the screen is 1m and that between the 
source and biprism is 10 cm. The wavelength of light 
used is 6000 A. The fringe width obtained is 0.03 cm 
and the refracting angle of biprism is 1. The refractive 
index of the material of biprism is 

(a) 1.531 (b) 1.573 

(c) 1.621 (d) 1.732 


A mica sheet of thickness 1.964 micron and refractive 
index 1.6 is placed in the path of one of the interfering 
waves. Now the mica sheet is removed and the distance 
between the slit and the screen is doubled. If this state the 
distance between two consecutive maxima or minima is 
equal to the displacement of fringe pattern on placing mica 
sheet, the wavelength of monochromatic light used is 
(a) 5892 A (b) 5269 A 

(c) 6271A (d)3875 A 
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The slits in Young’s double slit experiment, are 0.5 
mm apart and interference pattern is observed on a 
screen distant 100 cm from the slits. It 1s found that 
the 9th bright fringe is at a distance of 8.835 mm 
from the second dark fringe. The wavelength of light 
will be 

(a) 7529A 
(c) 6779 A 


(b) 6253 A 
(d) 5890 À 


In double slit experiment, fringes are obtained using 
light of wavelength 4800 Å. One slit is covered with a 
thin glass film of refractive index 1.4 and another slit 
is covered by a film of same thickness but refractive 
index 1.7. By doing so the central fringe is shifted to 
fifth bright fringe in the original pattern. The thickness 
of glass film is 

(a) 2x 10° mm 
(c) 6x 10° mm 


(b) 4x 10°mm 
(d) 8x 10° mm 


A glass plate of thickness 12 x 10° mm is placed in the 
path of one of the interfering beams in Young’s double 
slit arrangement. Light of wavelenght 60000 A is used 
in the arrangement. If the central band is displaced 
by a distance equal to the width of 10 bands then the 
refractive index of glass will be 


(a) (b) 


NIe Bln 
elmo wl 


(c) (d) 
In the above problem, what should be the thickness 
of a diamond plate of refractive index 2.5 which will 
restore the central band to its original position? 


Answers to Practice Exercise 3 


106. 


113. 


(b) 2, (a) 3. (d) 4. 
(c) 9. (d) 10. (a) 11. 
(b) 16. (c) 17. (b) 18. 
(c) 23. (b) 24. (a) 25. 
(a) 30. (d) 31. (b) 32. 
(b) 37. (b) 38. (c) 39. 
(c) 44. (a) 45. (d) 46. 
(d) 51. (o) 52, (d) 53. 
(d) 58. (b) 59. (a) 60. 
(a) 65. (b) 66. (a) 67. 
(c) 72. (d) 73. (b) 74. 
(d) 79. (a) 80. (b) 81. 
(a) 86. (b) 87. (o) 88. 
(d) 93. (a) 94. (b) 95. 
(a) 100. (c) 101. (a) 102. 
(b) 107. (b) 108. (a) 109. 


(a) 114. (c) 115. (c) 116. 


112. 


113. 


114. 


115. 


116. 


(c) 
(b) 
(c) 
(c) 
(c) 
(b) 
(c) 
(b) 
(c) 
(c) 
(c) 
(c) 
(a) 
(a) 
(d) 
(d) 
(d) 
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(a) 2x 10° mm 
(c) 8x 10° mm 


(b) 4x 10° mm 
(d) 6x 10° mm 


Light of wavelength 5880A is incident on a thin glass 
plate (u = 1.5) such that the angle of refraction in the 
plate is 60°. The minimum thickness of the plate, so 
that it appears dark in the reflected light will be 

(a) 3920A (b) 4372 A 

(c) 5840 A (d) 6312A 


The parallel rays of white light are made incident 
normally on an air film of uniform thickness. 250 
fringes are seen in the transmitted light between 
4000 A and 6500 A. Thickness of air film is 

(a) 0.17 mm (b) 0.15 mm 

(c) 0.13 mm (d) 0.11 mm 


White light is normally incident on a soap film. The 
thickness of the film is 5 x 107” meter and its refractive 
index is 1.33. Which wave length will be reflected 
maximum in the visible region? 

(a) 26600 A (b) 8860 A 

(c) 5320A (d) 3800 A 


In Young’s double slit experiment, the phase difference 
between the waves reaching the central fringe and third 
bright fringe will be 
(a) zero 

(c) 42 


(b) 2x 
(d) 6x 


The ratio of slit widths in Young’s double slit experiment 
is 4: 9. The ratio of maximum and minimum intensities 
will be 


(a) 169: 25 (b) 81: 16 
(c) 13:5 (d) 25:1 
5. (o) 6. (d) 7. (c) 
12. (b) 13. (d) 14. (d) 
19. (b) 20. (b) 21. (c) 
26. (d) 27. (a) 28. (o) 
33. (d) 34. (a) 35. (d) 
40. (b) 41. (a) 42. (d) 
47. (d) 48. (d) 49. (a) 
54. (a) 55, (b) 56. (a) 
61. (0) 62. (b) 63. (o) 
68. (b) 69. (c) 70. (b) 
75. (b) 76. (a) 77. (c) 
82. (d) 83. (o) 84. (o) 
89. (c) 90. (a) 91. (b) 
96. (a) 97. (b) 98. (d) 
103. (a) 104. (b) 105. (a) 


110. (d) 111. (© 112. (b) 


Dual Nature of Matter 


and Radiation 


CHAPTER HIGHLIGHTS 


CHAPTER 


va 


Dual nature of radiation. Photoelectric effect, Hertz and Lenad’s observations; Einstein's photoelectric 
equation; particle nature of light. Matter waves-wave nature of particle, de Broglie relation. Davisson-Germer 


experiment. 


BRIEF REVIEW 


The energy of electro magnetic radiation is quantised. It is 
emitted and absorbed in particle like packages of definite 
energy, called photon or quanta. The energy of single photon 
is proportional to the frequency of radiation, i.e., 


E =hf = =. Where h = 6.626 x 10 Js 


= 4.136 x 10-5 eVs 


Even the internal energy of atoms is quantized. For 
a given atom, the energy cannot have just any value only 
discrete values called ener gy levels are allowed. 
Properties of Photon 
l. All photons in vacuum travel with speed of light. 


2. Their velocity changes in the medium due to change 
in wavelength. 


3. Rest mass of photon is zero, 1.e., photon cannot exist 


at rest. 
4. Each photon has definite energy hv and definite 
E 
momentum p=—=mc=—. 
A c 


5. A photon may collide with a material particle. Total 
energy and total momentum remain conserved in 
such a collision. The photon may get absorbed or 
new photon may be created (emitted). Thus the 
number of photons may not be conserved. 


6. Increase in the intensity of light means increase in 
number of photons crossing a given area in a given 
time. The energy of photon remains the same. 


Photoelectric effect describes the emission of electrons 
when light strikes a surface. When light of sufficiently 
high frequency (greater than a minimum frequency, called 
threshold frequency) is incident on a metal surface, free 
electrons are ejected from its surface. This phenomenon is 
called photoelectric effect. Electrons so emitted are called 
photo electrons. 


Einstein's Equation 


Einstein explained this theory in 1905. He was awarded 
Noble Prize in 1921 for his contribution to explain Photo- 
electric effect. According to Einstein’s equation 


(KE) œ =f-Af, or 
(KE) max TE w = hf- $ 


i.e., maximum KE of photo electrons = Energy of 
incident radiation (photon) — work function. 


Work Function (6) Minimum energy given to the free 
electrons on the surface of the metal to be ejected is called 
work function. It is equivalent to ionisation energy. We may 
define work function as the minimum energy given to an 
electron present in the uppermost filled level to transit it to 
vacuum level or continuum as illustrated in Fig. 17.1. 


Thus 6 = hf . gives work functions of certain metals. 


Table 17.1 
Element Work function (ev) 
Al 4.3 
C 5.0 


Contd. 
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Element Work function (ev) The experimental set up is shown in Fig. 17.3 (a). 
aaas When photons are incident on a photo cathode, electrons 

Cu 4.7 are ejected provided they have energy greater than a 

Au 5.1 certain minimum called work function. The anode at 

Ni 5] positive potential attracts these electrons and a current is 

Ag 43 seen. 

Si 4.8 

! Photocathode 
Na 24 
hf. Photocell (Vacunm tube) 
Energy Anode Pressure < 107° ton 


Continuum 
Redlaw 


(a) 


uppermost filled level Photo cell 


pa 
Fig. 17.1 Work function illustration 


Stopping potential is that negative voltage given to the stopping 
anode at which photo current stops (becomes zero). potential 


Obviously eV, = (KE) ax 


y (Fp) 
j O 
ThuseV =hf-hf or AER (b) 
= «= Effect of intensity 

h 
or V= Mf A 

e e 
That is curve between stopping potential and frequency (pA) 
l I Intensity /, 1s constant 

f (or >) is a straight line as illustrated in Fig. 17.2. ' — 


h 
The slope of the line is — if curve is between V, and 
e 


h l 
f. The slope of the lineis — if curve is between V, and —. 


e 7 
J 
Note that the curves between stopping potential V, and Vs, Vs, (Volts) É 
frequency f for different metals are parallel and the slope is g 
constant. 
[7 Fig. 17.3 Illustration of photoelectric effect 
S 


It is found experimentally that 


(a) No emission occurs until the incident radiation 
has a frequency greater than a certain minimum 
called threshold frequency f irrespective of time 
of exposure. 


stopping potential 


(b) No emission occurs until the incident radiation 


a has a frequency f > f (threshold frequency) 
for irrespective of intensity of incident radiation. 


(c) Ifthe frequency f of incident radiation is greater 
than f (threshold frequency) only then emission 
Fig. 17.2 starts and photo current is observed. 
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(d) Keeping frequency of incident radiation f > f , if 
intensity of incident radiation is increased photo 
current increases as shown in Fig. 17.3 (b). 

(e) If frequency of incident radiation, though > f, is 
further increased stopping potential increases as 
illustrated in Fig. 17.3 (c). 


Matter waves The wavelength of matter wave is given 
by de-Broglie relation and confirms the dual nature of matter 


A=—=—. 
p mv 
Experiments like Davison’s and Germer’s confirm the 
wave nature of electrons. de-Broglie was awarded Noble 
prize in 1929, 


Classical mechanics works well for particles for size 
> 10 fcm. For smaller particles Quantum mechanics should 
be applied. Quantum mechanics takes into account quantum 
nature or dual nature of particles like electrons, proton, 
neutrons and other subatomic particles. 


Short Cuts and Points to Note 


1. Photoelectric effect can be explained completely by 
Einstein’s equation 


(KE) I P= hg hy 


and (KE) „= eV, where V, is stopping potential. 
Until frequency of incident radiation f >f (threshold 
frequency), no emission of photo electrons 
occurs. 


2. Stopping potential does not depend upon intensity 
of incident radiations (or power rating of the 
source). OR maximum KE of ejected electrons is 
independent of intensity of incident radiation. 


3. Stopping potential depends upon (1) frequency of 
incident radiation and (11) nature of photo cathode 
(work function). More the frequency of incident 
radiation (or lesser the wavelength) more is the 
stopping potential. Lesser the work function more 
is the stopping potential. 


4. Cesium (Cs) has least work function. Work 
function of any material can be decreased by oxide 
coating. 


5. Stopping potential in volts = (KE) „in eV (That is, 
remove only e). 


6. A(nm) 


12 
= E(eV) for photons. 
I A Í Í for all oth ticl 
; = — = —— for all other particles. 
p JI(KE)m j 


8. Slope of stopping potential vs frequency curve is 
h L. he 
— and slope of stopping potential vs J ic 
e e 


10. 


12. 


I3. 


14. 


sa Leet 
MA} = wW for electrons 


0.286 
À (A°) = WV for protons and neutrons 


0.101 l 
WA) = WwW for a- particles 


h h 


a for gas particles where k is 
mv... V3mkT Boe p 
Boltzmann’s constant and Tis temperature in kelvin. 


i 


a 
e 


i 


Number of photons incident per second N = 


3|- 


Photo current 


Charge on an electron x efficiency 


Assuming each photon causes an electron emission. 


I 
Then N =— 
e 


Normal conversion efficiency is 1 — 2% 


dp 


P 
. Fefte exerted by photons F = = = — if surface 
t 


E 
is. absorbing where P is power of the source, c is 
speed of light. 


2P 
F = — if the surface is perfectly reflecting. 
€ 


Momentum of photon = p = = = 7 

é A 
Even when no light is incident or photocell is 
covered with a black cloth, a small amount of 
current is observed. It is in noticeable range if 
photomultiplier tube is used. Such a current is called 
dark current. Dark current originates because high 
energy radiations like y-ray are able to penetrate and 
cause photoemission. 


Photocells are of three types: 
(a) Photo emissive [as shown in the Figure (a)]. 


(b)Photo conductive or light dependent resistors 
(LDR). 


(c) Photo voltaic or solar cells. 


Note: Photoelectric effect was initially studied using 


13. 


16. 


Photo emissive cell which is a vacuum tube. 
Photo conductive and Photo voltaic cells are 
semiconductors. 


h 

Compton shift ^4 = en (1 — cos ġ) where ¢ is the 
j£ 

angle at which photon is scattered. 


Number of photons emitted per second by a source 
_ Power rating 


hf 


17.4 


17. According to Rayleigh Jeans Law /(A) = a 
2ahc* 
and Planck’s law I(A) = ue wavelength 


he 
a Zr!) 


or A T= 2.89 x 10°m-K 


of maximum intensity 


a = he 
" 4.965kT 


Caution 


1. Considering all electrons ejected have KE = hf — @. 


l. 


pA 


(pA) 


O Anode Voltage 


The curve shown in the Figure suggests only very 
few electrons have energy equal to KE „ If all the 
electrons had energy equal to KE. then the curve 
would have been as shown by dotted line. 


Considering that same formula may be applied for 
photons and material particles to find wavelength. 


A (nm) = is valid for photons like uv rays, 


40 
E(eV) 
x-rays, y-rays light rays, IR, radiowaves etc. 
Assuming that if a source has higher power rating 
then photons emitted from it have higher energy or 
higher frequency. 


More power rating Means more intensity or large 
number of photons emitted per second. There- 
fore with more power rating of the source, photo 
current will increase provided the frequency of 
the incident photons is greater than the threshold 
frequency. 


PRACTICE EXERCISE 1 
(SOLVED) 


A radio station emits 10 kW power of 90.8 MHz. Find 
the number of photons emitted per second. 

(a) 107% x 1.6 (b) 1.6 x 10” 

(c) 1.6 x 10” (d) 1.6 x 10” 


A photosensitive metallic surface has work function 
hf . If photons of energy 2 hf, fall on this surface, 


10. 


Dual Nature of Matterand Radiation | 


Considering that when a photon enters a material 
particle it is always absorbed. 


All photons incident on the material do not eject 
photo electrons. The efficiency of photo electron 
emission 1s never more than 10%. Normally it is 
around | — 2%. 


Considering since energy is conserved, therefore 
number of photons is also conserved. 

Photons may be absorbed or may cause emission 
of other photons. Hence number of photons is not 
conserved. 


Considering the absorption process in matter for 
photons is only photoelectric emission. 


Photons may be absorbed in four ways 
(1) Adsorption (heating the material) 
(ii) pair production 
(iii) photoelectric effect 
(iv) compton scattering. 
Considering compton wavelength A. as compton 


shift 7 
Compton wavelength à, = mo 0024A? 


h 
while AA = we (1 —cos >) = 0.024 (1 —cos 6) 


Assuming that even a moving photon has zero mass. 


, E A h 
Mass of moving photon is — = n of —— 
e ge gA 
Considering there is time lag between emission of 


electrons and incident light radiation. 


Emission of photo electrons is instantaneous when 
exposed to radiation having frequency > threshold 
frequency (t< 10" S$). 


Considering that the distance of source from photo 
cathode has no bearing. 


As intensity is inversely proportional to square of 
the distance, therefore photo current is also inversely 


proportional to square of the distance, i.e., Z, o< T 


the electrons come out with a maximum velocity 
4 x 10° ms. When the photon energy is increased to 
5 hf then maximum velocity is 

(a) 2x 10’? ms" 

(b) 2x 10° ms"! 

(c) 8x 10° ms"! 

(d) 8x 10° ms"! 
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3. A. The energy E and momentum p of a photon are 


E 
related as p=— 
c 
R. The photon behaves as a particle. 


(a) Aand R are both correct and R is correct explanation 
of A 

(b) A and R are correct but R is not correct explanation 
of A 

(c) Ais correct but R is false 

(d) both A and R are false 


The light rays having photons of energy 1.8 eV are 
falling on a metal surface having a work function 
1.2 eV. What is the stopping potential to be applied to 
stop the emitting electrons? 

(a) 3V (b) 1.2 V 

(c) 0.6 V (d) 1.4 V 


A photon of energy 10.2 eV collides inelastically with 
H-atom in ground state. After a certain time interval 
of few us another photon of energy 15 eV collides 
inelastically with the same H atom, the observation 
made by a suitable detector is 

(a) 1 photon with energy 10.2 eV and an electron with 

1.4 eV 

(b) Two photons with 10.2 eV 

(c) Two photons with 1.4 eV 

(d) One photon with 3.4 eV and 1 electron with 1.4 eV 


From the Figure below describing photoelectric effect, 
we may infer correctly that 


(volts) 


Stopping potential 


0 5 


10 frequency 


(a) Na and Al both have same threshold frequency. 

(b) Maximum KE for both the metals depend linearly 
on the frequency. 

(c) The stopping potentials change differently for equal 
change in frequency. 

(d) Alis a better photo sensitive material than Na. 


A photo cell is illuminated by a small bright source 
placed 1 m away. When the same source of light is 
placed 0.5 m away, the number of electrons emitted 
by photo cathode would 


10. 


ll. 


PA 


13. 


14. 


l5. 


(a) decrease by a factor of 4 
(b) increase by a factor of 4 
(c) decrease by a factor of 2 
(d) increase by a factor of 2 


If the KE of a free electron doubles then its de-Broglie 
wavelength changes by a factor 


l i 
(c) 2 (d) V2 


A laser used to weld detached retinas emits light with 
a wavelength 652 nm in pulses that are of 20 ms 
duration. The average power during each pulse is 0.6 
W. Find the energy in each pulse in eV and in a single 
photon. 

(a) 7.5 x 105 eV, 1.9 eV 

(b) 7.5 x 10? eV, 1.19 eV 

(c) 7.5 x 10! eV, 0.19 eV 

(d) 7.5 x 10! eV, 1.9eV 


Threshold wavelength for tungsten is 272 nm. Light of 
frequency 1.45 x 10!° Hz is incident. Find the stopping 
potential. 

(a) 1.37 V 
(c) L57 V 


(b) 1.47 V 
(d) 1.51V 


What should be the minimum work function of a metal 
so that visible light is able to cause emission? 
(Visible light = 400 — 700 nm) 


(a) 1.77 eV (b) 1.87 eV 
(c) 197 eV (d) none of these 


A photon has momentum 9 x 108 kg ms. What will 
be the stopping potential if photo cathode has work 
function 1.3 eV? 
(a) 0.49 V 
(c) 0.59 V 


(b) 1.4 V 
(d) 0.39 V 


When the incident frequency is f, K is the (KE) of 


max 


the electrons emitted and @ is work function of 
the surface. If incident frequency is doubled new 


(KE) „will be 

(a) 2K (b) 2K-@ 
(c) 2K+ọ (d) 2K+2¢ 
(e)2 K-20 


Anode voltage is at +3V. Incident radiation has 
frequency 1.4 x 10! Hz and work function of the photo 
cathode is 2.8 eV. Find the minimum and maximum KE 
of photo electrons in eV. 
(a) 3,6 
(c) 0,6 


(b) 0,3 
(d) 2.8, 5.8 


A surface has work function 3.3 eV. Which of the 
following will cause emission ? 

(a) 100 W incandascent lamp 

(b) 40 W flouroscent lamp 

(c) 20 W sodium lamp 

(d) 20 W Hg lamp 


| 17.6 


16. 


17. 


18. 


19. 


20. 


2l; 


22, 


23. 


A man wants current ~ mA. He should use 
(a) photo multiplier tube 

(b) photo cell and amplifier 

(c) photo multiplier tube and amplifier 
(d) photo cell and two stage amplifier. 


When a photo multiplier tube was used, the photo 
current recorded is 60 u4. The actual photo current is 
(a) >60 uA (b) =60 uA 

(c) <60 uA 


(d) none of these 


Tungsten has work function 4.8 eV. We wish to use 
tungsten as photo-cathode with a 600 nm wavelength. 
What shall we do? 

(a) Coat tungsten with cesium 

(b) Oxide coat tungsten 

(c) Cu, O, be coated on tungsten 

(d) None of these 


Find the wavelength of 100 eV electron 


(a) 1.227 A° (b) 1.72 A° 

(c) 1.24 nm (d) 12.4 nm 

Find the wavelength of 10 MeV a-particles 

(a) 3A° (b) 3pm 

(c) 3fm (d) 30 fm 

The wavelength associated with 1 MeV proton is 
(a) 28.6 pm (b) 2.86 pm 

(c) 2.86 fm (d) 28.6 fm 


The frequency of incident light falling on a hotosensitive 
metal plate is doubled, the KE of the emitted 
photoelectrons is 

(a) double the earlier value 

(b) unchanged 

(c) more than doubled 

(d) less than doubled 


If a potential difference of 20,000 volts is applied across 
an X-ray tube, the cut-off wavelength will be 


EXPLANATIONS 


(b) Number of photons emitted per sec 
10* 
6.626 x10" x90.8 x 10° 


10” 
~ 621.64 


= 1.6 x 10” photon/s. 


| 2 
(c) 2 | Mind 
ba hf, —¢ 


24. 


25: 


26. 


21. 


28. 


29. 


30. 
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(a) 6.21 x 107m 
(c) 6.21 x 107? m 


(b) 6.21 x 10"! m 
(d) 3.1 x 10" m 


If the deBroglie wavelength of a proton is 1.0 x 10m, 
the electric potential through which it must have been 
accelerated is 

(a) 4.07 x 107 V 
(c) 8.2 x 10° V 


(b) 8.2 x 104V 
(d) 4.07 x 105 V 


Let K, be the maximum kinetic energy of photoelectrons 
emitted by light of wavelength à, and K, corresponding 
to wavelength A,. If A, = 2A, then 

(a) 2K,=K, (b) K = 2K, 

(c) K,<K2 (d) K,> 2K, 


If the wavelength of light incident on a photoelectric 
cell be reduced from 4000 A to 3600 A, then the change 
in the cut off potential will be 

(a)3.4 V (b) 0.34 V 

(c) 1.34 V (d) 2.34 V 


The speed of an electron having a wavelength of 10° 
mis (m,=9.1.x 10°! kg, h = 6.6 x 10 J-s. 

(a) 7.25 x 106 m/s (b) 6.26 x 10° m/s 

(c) 5.25 x 10° m/s (d) 4.24 x 10° m/s 


If the frequency of light in a photoelectric experiment 
is doubled the stopping potential will be 

(a) halved (b) doubled 

(c) more than double (d) less than double 


Light of wavelength 3500 A is incident on two metals 
A and B whose work functions are 4.2 eV and 1.9 eV 
respectively. Photoelectrons will be emitted by 

(a) metal A only (b) metal B only 

(c) both A and B (d) none 


If the wavelength of light incident on a photoelectric 
cell be reduced from 4000 A to3600 A, then the change 
in the cut off potential will be 

(a) 3.4 V (b) 0.34 V 

(c) 1.34 V (d) 2.34 V 


Vim  [2hf,—hf, 1 
Yann NSE A 2 
(a) 
(c) eV =hf- 9 
or V =1.8- 1.2 = 0.6 V. 
(a) 10.2 eV photon will excite it to 2nd orbit which on 
de-excitation will emit 10.2 eV photon and 15 —13.6 


= 1.4 eV. 
<. electron emitted will have energy 1.4 eV. 
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6. 


7. 


(b) (KE)... = Af- O 


' current increases by a factor of 4. 
h h 
b A _ — Z —— 
(b) p [XKE)m 


1240 , , 
(d) Ele V) = 652 = 1.9 eV (in a single photon) 


Energy in 20 ms = 0.6 x 20 x 10° = 1.2 x 107 J 


1.2x10° 


16x10 7.5 x 10° eV 


pos asec 

(b) g= 572 mu ve e ` 
6.625 x10 x1.45 x10" 
hj =< 
1.6x10 

eV =hf-ọ 

or y, = 6.03 — 4.56 = 1.47 V 

1240 


(a) E (eV) = 700 = 1.77 eV 


= 6.03 eV 


2.7x10°" x3 x10° 
1.6x107° 
V = 1.69- 1.3 = 0.39 V 


(c)K=hf—@ 

or 

2 K=h (2f)-2¢ 
or2 K+o=2hf- 6 


(d) E=pc= = 1.69 eV 


„p 662 x10 x1.4x10" Te 4, 
i 16x10" YUS’ 
(KE) „=Af- 9 =5.8 -2.8 =3 
Since anode voltage is 3V, the electrons emitted with 
zero KE will acquire an energy = 3 eV and the electrons 
emitted with 3 eV will acquire 3 + 3 = 6 eV 
.. min KE = 3 eV and max KE = 6 eV. 
(d) Minimum wavelength of visible region i. = 400 
nm E (eV) 

400 E 
. No visible light can cause emission. We require uv 
light. Only Hg lamp gives uv light. 


(c) 
(c) «* There will dark current also added in it. Actual 
current is 60 uA — dark current. 


(b) 


20. 


21. 


22. 


23; 


24. 


25. 


26. 


21; 


28. 


29. 


17.7 | 


(c) 


© 


.10 
A (A°) = Ji07 = .03 x 10° A° = 3 x 10°? m=3 fm 


— 


0.286 0.286 
A(A°) = —= = 


= 2.86 x 1074 m = 28.6 fm 


KE „=hv-ọ 80 kinetic energy will be more than 
double. 


(c) 

Photon energy at cut-off wavelength = 20,000 eV 
1242 eV nm 
© 20x10° eV 
(b) 
2 
ve, 
2me A 

= 8.2 x 104V 

(b) 

hc 


K =—-W (i) 
A, 


and K, = “Ww ... (ii) 


2 


6.21 x 107! m 


Substituting A, = 2A, in equation (i) K = aT 
2 
lf h 1 
=| £ |-w =-(K,+W)-W 
2\ A, 2 
K, W K, 
oA o OF KS = 
2 2 2 
(c) 
h h 
v =| —-w|, v, =| —-wI, 
A A, 
v, v (4-4) 
A, A 
3f 1l l 
=12.4x10 sas) 0.34 V 
3600 4000 
(b) 
h 6x107” 
y= O 725x10 mA 
mA 9.1x10~ x10 
(a) 
(c) 
w= 4=2055A,2,= 6532 A 
A 


17.8 


.3500 A is the wavelength and hence only B plate will 
emit photoelectrons 


(b) 


he he 
30. V =|—- , V, =| —— 
i 5 v) i Fi " 


PRACTICE EXERCISE 2 
(SOLVED) 


l. A photo multiplier has 12 plates including photo 
cathode and anode. Assume each dynode doubles the 
electrons. If a 10 W source of 300 nm is placed 2 m 
away then find the photo current shown by the photo 
multiplier tube. The dark current is 160 uA. Assume 
efficiency 10% and flux reaching the photo cathode is 
10+ of the original. 


l 1240 
Solution 1, œ% — E(eV) = —— = 4.13 eV 
P <a 300 
number of photons per second 
-4 
P 2.5x10 38x10" 


hf 4.13x1.6x10" 


Number of photo electrons emitted per second Ne =3.8 
10 10"° 
—-=3.8X—; 
0 S 


x 1014 x 


Current shown by photo multiplier J, =3.8 x 10! x 1.6 
x 10°? x 2!°= 6.1 mA 


Exact current = 6.1 mA — 160 uA = 5.94 mA. 


2. A small metal plate of work function ¢ is kept at 
a distance d from a singly ionised, fixed ion. A 
monochromatic light beam is incident on the metal plate 
and photo electrons are emitted. Find the maximum 
wavelength of the light beam so that some of the 
electrons may go around the ion along a circle. 


l l 2 — 
Solution (Sm ) -= 7 ? 
for the electron to move around the ion (fixed) 


l 
po ee ee 


2 2 
—e e 


+ 
4nmed 82e d 


= 8nehcd e 
A e +8me pd Saed 


Dual Nature of Matter and Radiation | 


V, -V = A -124x10 2 - | 
A, 3600 4000 


3. The photo cathode and collector plate are kept 10 cm 
apart and connected through a galvanometer without a 
battery. A magnetic field B exists parallel to the plates. 
The work function of the emitter is 2.39 eV and the light 
incident on it has wavelength 400 to 600 nm. Find the 
minimum value of B so that galvanometer shows null 
deflection. 


Collector 
hfx X XB 


Photo cathode 


Solution (KE) =hf-#$¢ 
or (KE) „= 3.1 — 2.39 = 0.71 eV 


r=— 
qB or 


B= [2(KE)m or 
qr 
me [2(0.71x1.6 x 10") x9 x10™ 
16x10" x.1 


= 2.85 x 10° T 


4. The light of radiation 300 nm falls on a photocell 
Operating in the saturation mode. The spectral 
sensitivity is 4.8 mA/W. Find the yield of photo electrons 
i.e., number of electrons produced per photon. 

(a) 0.04 (b) 0.02 
(c) 0.03 (d) 0.2 


Solution (b) If N be the number of photons incident s~! 
then power 


h 
P= alg Photo current Z, = n Ne 
A 


I, Ned 
Photo current per watt = — = ae 
P Nhc 
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4.8x10° x6.625x10* x3x10° 
a 
16x10" x3x107 


= 20 x 10° = 0.02. 


5. Find the maximum KE of photo electrons emitted from 
the surface of lithium (¢ = 2.39 eV) when exposed with 
E=E (1+cos 6 x 10% A cos 3.6 x 10" t. 

(a) 0.37 eV (b) 0.1 eV 
(c) 0.02 eV (d) 0.06 eV 


Solution (a) For maximum KE, frequency should be 
maximum i.e. 


@ = 4.2 x 10% 57 
K A 
( E) nax -T WA — $ 


_ 6.625 x10™ x 4.2 x10" 
6.28x1.6x10” 
= 2.76 — 2.39 = 0.37 eV 


6. Find the maximum potential a Cu ball (isolated) can 
have when irradiated with a wavelength à = 140 nm. 


2.59 


[b = 4.47 eV] 
(a) 4.47 V (b) 8.86 V 
(c) 13.33 V (d) 4.39 V 


Solution (d) e V = < —¢ 


-1240 447 =8.86 -4.47 = 4.39 eV 
140 
V,= 4.39 V 


7. The fringe width ina YDSE is 2 mm, distance between 
slits and screen 1.2 m and separation between the slits is 


PRACTICE EXERCISE 3 
(UNSOLVED) 


l. The value of threshold wavelength for photoelectric 
effect is 7000 A. Which of the following radiations 
will not produce photoelectric effect? 

(a) violet 

(b) ultraviolet 
(c) infrared 
(d) yellow 


2. The photoelectric effect was experimentally studied by 
(a) Einstein 
(b) Lennard 
(c) Hertz 
(d) Rutherford 


3. The photoelectrons emitted from the surface of sodium 
metal are 
(a) of speeds from zero to a certain maximum 
(b) of same De-Broglie wavelength 
(c) of same kinetic energy 
(d) of same frequency 
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0.24 mm. The radiation of same source is also incident 
on a photo cathode of work function 2.2 eV. Find the 
stopping potential. 

(a) 3.1V (b) 2.2 V 

(c) 0.9 V (d) 5.3 V 


AD 


Solution (c) pa or 


-bi 2x.24x10° 
D 12 
_ 1240 


eV, Pv lcd eVor V. =0.9 V 


= 400 nm. 


The minimum energy required to dissociate Ag Br bond 
in 0.6 eV. A photographic film is coated with a silver 
bromide layer. Find the maximum wavelength whose 
signature can be recorded on the film. 

(a) 207 nm (b) 702 nm 

(c) 207 A° (d) 2070 nm 


1242 


Solution (d) 1 rT 2070 nm 


9, 


Find the correct statement. 

(a) -A freeelectron can absorb a photon completely. 
(b) Afree electron cannot absorb a photon completely. 
(c) -A free electron cannot exist. 

(d). A free neutron can exist for a long time. 


i , : h 
Solution (b)According to compton’s scattering AA = — 


mc 
(1 — cos ġ) which shows a free electron cannot 


absorb a photon completely. 


4. The necessary condition for photoelectric emission is 


(a) hv <hy, 
(b) hv >hy, 
(c) E, <hv, 
(d) E, > hv, 


When light is made incident on a surface, then 
photoelectrons are emitted from it. The kinetic energy 
of photoelectrons 

(a) depends on the wavelength of incident light 

(b) is same 

(c) is more than a certain minimum value 

(d) none of these 


The photoelectric effect was successfully explained 
by 

(a) Hertz 

(b) Planck 

(c) Millikan 

(d) Einstein 
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7. The value of stopping potential in the following 
diagram is 


Photo electric current 


l2 V Potential difference 
(a) —4V (b) —3V 
(c) —2V (d) —1V 


8. If the energy of photon is 10eV and work function is 
SeV, then the value of stopping potential will be 
(a) IS V (b) SV 
(c) 2V (d) 50V 


9. The photoelectric equation is 
E 
(a) hv = hv- E, (b) kv=hv + A 
(c) hv= hv, +E, (d) hv = hv; 


10. Light of frequency 2.5 v, is incident on a metal surface 
of threshold frequency 2v,, If its frequency is halved 
and intensity is made three times then the new value 
of photoelectric current will be 
(a) zero (b) double 
(c) four times (d) six times 


11. The function of photoelectric cell is 
(a) to convert electrical energy into light energy 
(b) to convert light energy into electrical energy 
(c) to convert mechanical energy into electrical energy 
(d) to convert DC into AC 


12. Atstopping potential, the photoelectric current becomes 
(a) minimum (b) maximum 
(c) zero (d) infinity. 


13. The curve between photoelectric current (i) and 


reguency (v) is 
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14. Stopping potential depends on 
(a) frequency of incident light 
(b) intensity of incident light 
(c) number of emitted electrons 
(d) number of incident photons 


15. Which conservation law is obeyed in Einstein’s 
photoelectric equation ? 
(a) charge 
(c) momentum 


(b) energy 
(d) mass 


16. The kinetic energy of photoelectrons depends on 

(a) the sum of threshold frequency and frequency of 
incident light 

(b) the ratio of threshold frequency and frequency of 
incident light 

(c) the difference of threshold frequency and frequency 
of incident light 

(d) the intensity of incident light 


17. In the following diagram if V, > V, then 


Photoelectric current 


l2 J} Potential difference 
a d= JA, em: 
(0) A= A, aes 


18. When photons of energy hy are incident on the surface 
of photosensitive material of work function Av, then 
(a) the kinetic energy of all emitted electrons is hv, 
(b) the kinetic energy of all emitted electrons is h 


(v-v) 
(c) the kinetic energy of all fastest electrons is h 
(v -= v) 


(d) the kinetic energy of all emitted electrons is hv 


19. The work function of cesium metal is 2ev. It means 

that 

(a) the energy necessary to emit electrons from metal 
surface is 2e V 

(b) the energy of electrons emitted from metallic 
surface is 2e V 

(c) the value of photoelectric current is 2e V 

(d) the value of threshold frequency is 2eV 


20. If the frequency of light incident on metal surface is 


doubled, then the kinetic energy of emitted electrons 
will become 
(a) doubled 
(c) more than double 


(b) less than double 
(d) nothing can be said 
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23. 


24. 


25. 


26. 


21. 


28. 


Two photons, each of energy 2.5eV are simultaneously 
incident on the metal surface. If the work function of 
the metal is 4.5eV, then from the surface of metal 

(a) two electrons will be emitted 

(b) not even a single electron will be emitted 

(c) one electron will be emitted 

(d) more than two electrons will be emitted 


The momentum of a photon of energy 1MeV, in kg/m/s, 
will be 

(a) 107 

(c) 5x 107 


(b) 0.33 x 10° 
(d) 7x 10-4 


The work function of a metal is LeV. On making light of 
wavelength 3000 A incident on this metal, the velocity 
of photoelectrons emitted from it for photoelectric 
emission will be 
(a) 2955 A 
(c) 1100A 


(b) 4200 A 
(d) 3000A 


On decreasing the intensity of incident light 

(a) the photoelectric current will increase 

(b) the number of photoelectrons emitted will increase 
(c) the number of emitted electrons will decrease 

(d) all of the above 


An electron is accelerated through a potential difference 
of 1000 V. Its velocity will be 

(a) 0.95 x 10’ m/s (b) 5.67 x 10’ m/s 

(c) 1.89 x 108 m/s (d) 3.78 x 10’ m/s 


There are two light sources A and B. The intensity of 
source A is more than that of source B. The frequency 
of light emitted by source B is higher than that emitted 
by source A. The photoelectric current obtained will be 
more from source 

(a) B 

(c) same from A and B 


(b) A 
(d) none of these 


The curve between current (i) and potential difference 
(v) for a photo cell will be 


i Í | 
a Vv 
(a) (b) 
i Í 
(c) (d) 


A radio transmitter is working at frequency 880 kHz 
and power 10 kW. The number of photons emitted per 
second will be 


29; 


30. 


31. 


OZ. 


33: 


34. 


35. 


36. 


37. 
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(b) 0.075 x 10% 
(d) 13.27 x 1034 


(a) 1327 x 10% 
(c) 1.71 x 102! 


When a photon of energy 7ev is made incident on a 
metal then the emitted electron is stopped by a stopping 
potential of -5.5 V. The work function of metal will be 
(a) -l.5eV (b) lLSeV 

(c) 12.5 eV (d) 37.5 eV 


The work function of a metal is 2.5eV. When photon 
of some proper energy is made incident on it, then 
an electron of 1.5 eV is emitted. The energy of photon 
will be 

(a) 4eV 
(c) 1.5eV 


(b) leV 
(d) 2.5 eV 


If the energy of incident photon and work function 
of metal are E eV and @, eV respectively, then the 
maximum energy of emitted photoelectron will be 


(>) |-1E- 4) 
m 
(d) 2m AEA) 


When green light is made incident on a metal, 
photoelectrons are emitted by it but no photoelectrons 
are obtained by yellow light. If red light is made 
incident on that metal then 

(a) no electrons will be emitted 

(b) less electrons will be emitted 

(c) more electrons will be emitted 

(d) all of the above 


(a) 7TE-¢,] 
m 


m 
(c) > LE Go! 


On reducing the wavelength of light incident on a metal, 
the velocity of emitted photoelectrons will become 
(a) zero (b) less 

(c) more (d) remains unchanged 


The threshold wavelength of lithium is 8000 A. When 
light of wavelength 9000 A is made incident on it, then 
the photoelectrons 

(a) will not be emitted 

(b) will be emitted 

(c) will sometimes be emitted and sometimes not 
(d) nothing can be said 


The work function of a metal is 1.5eV. Light of 
wavelength 6600 A is made incident on it. The 
maximum kinetic energy of emitted photoelectrons 
will be 

(a) 1.6 x 10 Joule 
(c) 1.6 x 107 Joule 


(b) 0.6 x 107” Joule 
(d) 1.6 x 10! Joule 


Photoelectrons are emitted by making green light 
incident on a metallic surface. Which of the following 
lights can start photoelectric emission? 

(a) yellow (b) orange 

(c) blue (d) red 


A photoelectric cell is illuminated by a small intense 
source distant Im from it. When the same source 
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38. 


39. 


40. 


41. 


42. 


43. 


is placed at a distance 2 m then the number of 
photoelectrons emitted from the cathode will be 

(a) half 

(b) one fourth 

(c) each carries one fourth of its previous energy 

(d) each carries one fourth of its previous momentum, 


In an experiment of photoelectric emission, for incident 
light of 4000 A, the stopping potential is 2V. If the 
wavelength of incident light is made 3000 A, then 
stopping potential will be 
(a) less than 2 volt 

(c) 2 volt 


(b) more than 2 volt 
(c) zero 


If the intensity of incident light is made double, then 
the maximum number of emitted electrons will become 
(a) double (b) four times 

(c) eight times (d) half 


The threshold frequency for a metal is 10 Hz. When 
light of wavelength 4000 A is made incident on it, 
then 

(a) photoelectrons will be emitted from it with zero 

speed. 

(b) photoelectric emission will not be started. 

(c) photoelectrons will be emitted with speed 10° m/s"! 
(d) photoelectrons will be emitted with speed 10° m/s 


The photoelectric currents at distances r, and r, of light 
source from photoelectric cell are J, and I, respectively. 
The value of 7/7, will be 

ff l; 


(a) (b) A 


ay 
© | 


In a photoelectric cell, the cathode with work function 
W, is replaced by another one with work function W, 
(W, > W). If the current before this change is Z, and that 
after the change is Z, and other circumstances remain 
same and if hv > W,, then 
(a) LoL 

(co) LHL 


(b) LE <I, 
(d) I<Z<21 


The curve between the frequency (f) and stopping 
potential (V) in a photoelectric cell will be 


y 


(a) f 


(b) J 


44. 


45. 


46. 


47. 


48. 
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(c) f 


(d) f 


Einstein was awarded Noble Prize for— 
(a) the general theory of relativity 

(b) the special theory of relativity 

(c) the explanation of photoelectric effect 
(d) the explanation of quantum theory 


If the work function of a metal is ¢, then its threshold 
wavelength will be 


Pach, (b) £ 
h 
(c) ihe (d) PA 


The work function of a metal is X eV. When light of 
energy 2X is made incident on it then the maximum 
kinetic energy of emitted photoelectron will be 

(a) 2eV (b) 2XeV 

(c) XeV (d) 3X eV 


The photoelectric effect proves that light consists of 
(a) photons 

(b) electrons 

(c) electromagnetic waves 

(d) mechanical waves 


The correct curve between the stopping potential (V) 
and intensity of incident light (/) is 


Vo Vo 


(c) (d) 
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Light of wavelength 5000 A and intensity 3.96 x 10° 
W/cm? is incident on the surface of a photosensitive 
material. If 1% of incident photons only emit 
photoelectrons, then the number of electrons emitted 
per unit area from the surface will be 

(a) 10'° (b) 10'8 

(c) 10” (d) 10” 


Answers to Practice Exercise 3 


(c) 2. (c) 3. (a) 4. 
(b) 9. (a) 10. (a) 11. 
(b) 16. (c) 17. (d) 18. 
(c) 23. (c) 24. (c) 25. 
(b) 30. (b) 31. (b) 32. 
(c) 37. (b) 38. (b) 39. 
(b) 44. (c) 45. (d) 46. 
(c) 


oO 
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50. The work function of aluminum is 4.2eV. Light of 
wavelength 2000 A is incident on it. The threshold 


frequency will be 


(a) 10° Hz 
(c) 105 Hz 


(b) 10! Hz 
(d) 10'® Hz 


OO I A A A A A 
oan avaa 
N Seems” Sten” Stee” ree” eee” eee” 
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Atoms and Nuclei 


CHAPTER HIGHLIGHTS 


Alpha-particle scattering experiment; Rutherford’s model of atom; Bohr model, energy levels, hydrogen 
spectrum. Composition and size of nucleus, atomic masses, isotopes, isobars; isotones. Radioactivity-alpha, 


beta and gamma particles/rays and their properties; radioactive decay law. Mass-energy relation, mass defect; 
binding energy per nucleon and its variation with mass number, nuclear fission and fusion. 


BRIEF REVIEW 


Thomson's Model Thomson in 1898, stated: 


(a) Atom as a whole is neutral, i.e., positive and 
negative charge are equal. 


(b) The positive charge and the whole mass is 
distributed uniformly like a cake and electrons 
are embedded like cherries in the cake. Therefore, 
this model is also called plum pudding model. 


(c) It cannot explain a-particle scattering and 
spectrum of an atom. 


In 1903, Leonard suggested that atom is made up of 
tiny particles carrying negative and positive charges. These 
are termed as electrons.and protons. Leonard, however, could 
not explain why heating of metals does not eject positively 
charged particles. 


Rutherford’s Model 


Rutherford conducted a-particle scattering experiment. On 
the basis of which he proposed a model of an atom. 


(a) The whole positive charge and whole mass of the 
atom is concentrated in a very small region called 
nucleus. The size of the nucleus is ~ 107’? m or 1 fm. 


(b) The electrons revolve around the nucleus in 
circular orbits. The size of an atom ~ 10° m. 
There exists a large empty space around the 
nucleus. 


(c) Atoms are electrically neutral 
2Ze’ 


Distance of closest approach r= 4me,(KE) 


0 
Ze’ cot — 


Impact parameter b = 4ne, (KE) 


The number of particles scattered through an angle 0 
is given by 
2 


. 4/0 3 
sin (2a 


This model failed to explain as to why the revolving 
electrons do not lose energy and ultimately fall into the 
nucleus following a spiral path, i.e., stability of atom could 
not be explained with this model. 


Bohrs Model 


When Bohr proposed his model hydrogen spectrum was 
known. 


N (0) œ 


l 1 1l 
Rydberg’s emperical formula —= R|—+-—~=> 
A n Nn, 
was also known. By certain assumptions, called Bohr’s 
postulates, he could manage to explain Hydrogen spectrum. 


(a) electrons move around the nucleus in circular 
orbits. 

(b) The orbits are stable called stationary orbits. They 
have special values of their radii such that angular 
momentum is qunatized; i.e., mvr =n h where 
eee 

20 

(c) Energy is released when an electron makes a 

transition from higher to lower level as shown 


18.2 


in the Figure (a) and energy is absorbed when 
an electron jumps from lower to higher orbit as 
shown in the Figure (b) 


E electrom F 


hf = E2—E; hf 2 E:—E; 
Absorption 


electron 


Fig. 18.1 Emission — Absorption of Radiation 


The centripetal force is equal to the electrostatic force. 


neh’ 
Radius of nth orbit r = —— 
” mmZe 
l l eh? 
Bohr radius (1st orbit of H atom) r, = > =0.53 A® 
mme 


r =n r for Hydrogen and 
nr 
r= PI for Hydrogen like atoms. 


2 


e 
Orbital speed v = 2e,nh for Hydrogen 


mZe* 
Energy of nth orbit = E = KE + PE = 8e? h?n? 
0 


Note: If in place of m reduced mass be taken agreement is 
m.m 
p e 


perfect. Reduced mass m, = where m; and m, are 


m, +m, 
mass of proton and electron respectively. Bohr’s analysis are 


within 0.1% of measured values. 
Sommerfeld Model 


The electrons revolve around the nucleus in elliptical 
orbits. The mass of the electron varies with velocity 


relativistically m= 


Total angular momentum of an electron is the resultant 
of orbital angular momentum and radial angular momentum. 
These two angular momentum are separately quantized. 


De-Broglie Theory 


A standing wave on a string transmits no energy. Therefore, 
think of an electron as a standing wave fitted in a circle in 
one of the Bohr orbits. Only those circular orbits are possible 
whose circumference is an integral multiple of de-Broglie 
wavelength associated with the electron, i.e., 2a r= nd 


h nh 
since 1 =—— thus, mvr om which matches with Bohr’s 
mT 
quantization theory and suggests strongly that wave character 
of electrons is important in atomic structure. 


Representation of waves associated with orbital 
electrons in an atom is illustrated in Fig. 18.2 for n = 1, n = 
2, n=3andn=4. 
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Fig. 18.2 de Broglie stationary waves in the orbit 


2nZe’ 


47e€,nh 


Velocity of electron in the nth orbit v, = 


a= = —— is called fine structure constant. 
4ze,ch 137 
8m’ Z’em 


Angular frequency of electron @ = (47e, P nh? 
0 


_ 4.159 x10°Z* 


3 
n 


Electric current due to electron motion in nth orbit 


rad s"! 


o A 


nT nh (nre) a py 


Magnetic induction produced in the nth orbit 


Mol, 
B,= 2r 


n 


o Ba'Z'em’ 12.582" 
“wh (Ane) 


Magnetic moment produced in the nth orbit 


Tesla 


_em_ ehn 
” 2m 42m 


= n Bohr Magneton. 


= 9.26 x 10n Am? 


e'Z’ 136Z? 
KE of electron = 87,7. = z eV 
e V he 


PE of electron = —2KE = Aner S272 TT eV 


Binding energy of electron BE = E = KE + PE 


pe 7 Fj 
= grer, =—13.6 Fa eV 
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Ionization potential 


E z’ 
-= 13.6 — Volt 
e n 
me" 
— a o n T7 yw -! 
Rydberg constant R = 8e2ch? = 1.09737 x 10’ m 


lonization energy is the minimum energy required 
for an electron so that it loses its ground state and reaches 
vacuum level or continuum, or it is relieved from binding 
of the nucleus. 


Excitation energy is the minimum energy required for 
an electron to jump to a higher energy state. 


Hydrogen Soectrum 


7 | | _J 
Rydberg’s emperical relation 7 R > - md 


= l 
Wave number V = pi defines the number of waves per 


unit length. 


<. Number of waves in a distance d is nas 


Lyman series 


— TA 
as l l T N 
L M Nia 


Brackett 
series 


paschen,series 


H, of paschen 
H, of paschen 


Lyman series 


Fig. 18.3 Hydrogen spectrum 


This series lies in uv region. It shows both emission and 
absorption spectrum. 


Note: Transitions occur from higher energy states to ground 
State. 


Balmarseries In this series, transitions occur from higher 
energy states to n = 2 or lst excited state. 
l 


l l 
Lorm 3, 4, 5, .... 


This series lies in visible region. It shows only emission 
spectrum. 


A as 656.3 nm, Ain = 364.6 nm 
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Paschen series The transitions occur from higher energy 
levels Dton=3 


l 1 1l 
ria 3 ne n=4. 5; O 


This series lies in J R region with A = 1875.1 nm 
and /_. = 810.7 nm. Only emission spectrum is shown. 


Brackettseries The transitions from higher energy states 
to n= 4 result into Brackett series 


l l l 
rie 4 R n=5, 6, ees 


The minimum and maximum wavelengths of the series 
are À „= 4047.7 nm À = 1457.2 nm. It lies in deep 1 R 
region and shows only emission spectrum. 


Pfund series The transition from higher levels to n = 5 
result into Pfund series. 


l 1 1 
oe 52 Wn? n= 6, yl , aes 


A = 7451.5 nm and A in = 2276.8 nm. The series 


max 


appears in deep / R region and shows only emission spectrum. 
=l 
The number of spectral lines emitted N ee) if 
electron lies in nth state 2 


Paulis exclusion principle No two electrons can 
occupy all the four quantum number equal. It describes in 
a subshell electron must be oriented in opposite spins and 
hence, favours diamagnetism as the law of nature. 


Fermions The particles which follow Pauli’s exclusion 
principle or Fermi-Dirac statistics are called Fermions. 
Electrons, neutrons, protons etc are Ferminos. They have 


h 
spin (2n + 1) J or half odd multiple of h. 


Bosons The particles which follow Bose-Einstein 
statistics are called Bosons. Bosons have spin n h where n 
is an integer. Photons, Gravitons, Phonons excitons, cooper 
pair etc. are Bosons. 


X — RAYS 


Roentgen in 1895 discovered X-ray. X-ray is an em 
radiation whose energy is greater than uv rays and less than 
y-rays i.e. in em spectrum X-ray lies between uv and y-rays. 
The wave length of X-rays is of the order of A° (0.1 A?’ to 
100 A°). The energy range of X-rays is 100 eV to 10° eV. 

X-rays can be generated in two different ways: (a) the 
electrons are slowed down or stopped by the the target. Their 
KE is directly converted to continous spectrum of photons 
including X-rays. This process is called bremsstrahlung 
(German for ‘braking radiation’). (b) When a striking 
electron knocks out an inner electron of the target then the 
outer electron comes to take its place. The difference in 
energies of the two is released as X-ray called characteristic 
X-ray. This process is illustrated in Fig. 18.4 


18.4 


E 


Nucleus 
hf (X-Ray) 


e- removed 


Fig. 18.4 Emission of characteristic X-ray 


Fig. 18.5 (a) illustrates X-ray spectrum. The continuous 
background represents bremsstrahlung radiations and the 
peaks represent K,, K» Lẹ L, lines of characteristic X-rays. 
Fig. 18.5 (b) illustrate the origin of Ky K » Ly L lines. Note 
that transition from n = 2 to n = | gives K, and transition 
from n = 3 to n = l gives K, and so on. À or threshold 
wavelength shown in Fig. 18.5 (a) is given by 


1240 x10” 
A min E m 
V 
Characteristic 
X- Rays 
KA, 
bremsstrahlung i 


radiation 


Fig. 18.5(b) Illustration of characteristic X-rays. 


Where V is potential difference between anode and cathode. 
A_,, may also be called cut off voltage. 


Commercially X-rays are produced in a modified 
coolidge tube as shown in Fig. 18.6. The cathode K is heated 
by heater H and electrons are emitted by thermionic emission. 


l=lAT’ e” 
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The electrons are accelerated by applying a high 
voltage (~ 10* V) between Anode and Cathode. Cathode 
K may be made of tungsten and anode A may be made of 
tungsten or molybdenum. The target shall have high melting 
point as enormous heat is produced when electrons strike the 
target. To absorb heat water is circulated. Target is making an 
angle of 45° so that X-rays move downwards as illustrated 
in Fig. 18.6. The pressure inside the tube is of the order of 
10#-— 10 torr. (1 torr = 1 mm of Hg). The Target is hollow 
and Wedge shaped. Hardly 1 to 2 % of incident electrons 
produce X-rays. Hardness of X-ray or penetrating power 
depends upon the accelerating potential of electrons (V) or 


l 
the wavelength of X-rays. The penetrating power « ae The 


intensity of X-rays will depend upon current through X-ray 
tube or the number of electrons incident per second. 


Vacuum Tube Pressure 
10*- 10°mm of Hg 


Electron beam 
“A Cet Water 


K > Cathode 
H — Heater 
T > Target 

A —> Anode 


V~ 104V 
Fig. 18.6 Modern X-ray tube 


AC can be applied to heater. Since X-rays are em 
radiations, they follow all the properties of em radiations. 
X-rays if incident on animate bodies or WBC (White blood 
cells), these get destroyed. 


Compton &attering When X-rays strike matter some 
of the radiation 1s scattered (analogous to diffusion deflection 
of visible light from rough surface). Compton found some 
of the scattered radiation have longer wavelength or small 
frequency than the incident. The change in wavelength 
depends upon the angle at which photons are scattered. 


Scattered photon 
wave length i’ 


or momentum p’ 


Incident photon 
hf 


momentum p 


Recoiling electron 
momentum p 
e 


Fig. 18.7 Crompton Scattering 
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e — cos 6) 
mc 


From Fig. 18.6 P=P.+?P 


Absorption of X-rays Z= I e“ where a is absorption 
coefficient. 


0.693 


a=". Note a œ 4? and a œx Zt where Z is atomic 
1/2 


number and A is wavelength. Lead is the best absorber of 
X-rays. 


X-ray photography is shadow photography. 


If potential difference between anode and cathode is 
increased, frequency of X-rays and intensity of X-rays both 
increase as shown in Fig. 18.8 (a). However, frequency 
of characterstic X-rays does not depend upon the applied 
accelerating potential difference, K_, K L and L; are most 
studied characteristic X-rays. The characteristic X-ray energy 
is given by 


Fig. 18.8 (a) shows the characteristic X-ray superposed 
on continuous X-ray spectrum. 


Intensity 50 kV f 
30 kV 
10 kV 


(a) À Z 
Variation of intensity of X-ray (b) 
and wavelength with voltage Moseley ’s Law 
Vf 
Z 
(c) 
Moseley ’s Law 
Fig. 18.8 


Moseley’s Law Jf = a(Z—b) where f is frequency and 
Z is atomic number. a and b are constant Fig. 18.8 (b) and 
(c) depict variation of characteristic X-ray frequency with 
atomic number Z. (Moseley’s law). 
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Thus, according to Moseley’s law, the basic properties 
of elements and their place in periodic table depends on their 
atomic numbers and not on atomic weights. 


Lau’s spot and Bragg’s law confirm X-ray diffraction. 
Bragg’s Law 2d sin 0 = n / is used to study crystallography. 


The reverse phenomen of X-ray is photo electric effect. 


Applications of X-rays 


1. In medical science it is used as a diagnostic tool for 
fractures or cracks in bones/tooth decay. Ba SO, or 
such dyes are used to study any defect in intenstine, 
lungs and other organs. 


It can be used as a therapy to treat cancer. 


2. It is used in food technology to increase the shelf 
life of food stuff. Microbes are killed when food is 
exposed to X-rays. 


3. Itis used in engineering to check cracks in machined 
parts particularly in those which are to be sent in 
space or used in space shuttles. 


4. Itis used in detectors at airport checkposts. 


It is used in crystallography to study crystal 
structures. 


6. Non distructive technique of elemental analysis. 
Every element has different characteristic X-ray 
and their intensity depends on the concentration of 
that element present in the salt. 


7. In forensic applications, hair of every person has 
different elements. Even the twins formed from the 
same egg will have in their hair different % of the 
elements. 


8. Itis used in research laboratories. 


NUCLEAR PHYSICS 
Nuclide A single nuclear specy having specific value of 
N and Z. 
Mass of Proton m, = 1.672622 x 10 kg = 1.007276 u 
= 938.2732 MeV/c? 
Mass of neutron m = 1.674927 x 10” kg = 1.008665 u 
= 939.5696 MeV/c? 
Mass of electron m= 9.10938 x 10 kg = 0.00054858 u 
= 510.99 KeV/c? 


l 
= =| —of carbon 
l amu= l u z j 
= 1.66053873 x 10” kg 


Number of neutrons = N, Number of protons = Z 
(atomic number) 

Nucleon number = Mass number A= N+ Z 
Isotopes Nuclides having same atomic number (Z) but 
different number of neutrons N or different mass number 
A are termed as isotopes. For example, 7 6 : Ae : Cl, 
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“Cland |H, 5H, ,H are isotopes of carbon, chlorine 


and hydrogen, respectively. 


lsotones The nuclides having same number of neutrons 
(N) are called isotones. They have different Z or A. Examples 
of isotones are 7H , 5He; CC, sO , 

lsobars The nuclides having same mass number (A) but 
different atomic numbers (Z) are called isobars. For instance, 


40 40 
4C, N ; jg Ar, Ca Neutrons and protons together are 


called nucleons. 


Nuclear radius R= R A’/, where R = 1.1 fm= 1.1 x 
105m and has been determined experimentally. 


Note: that nuclear density is independent of mass number, 
i.e., all nuclei have the same nuclear density. 


Nuclearspin like electrons, protons and neutrons are also 


l 
z spin particles. They can have spin odd half multiple of A . 


The magnitude of spin angular momentum of a nucleon is § 


= es | =/S(S+)= [or . They follow Fermi-Dirac 


statistics or Pauli’s exclusion principle. Hence they are called 
Fermions. Like electronic magnetic moments the nucleons 
also show magnetic moments. The unit like Bohr magneton 
in atoms is nuclear magneton (u ) for nucleons. 


eh 
Nuclear magneton u, = 5.05079 x 10°’ J/T = 
3.15245 x 10% eV/T. Mp 


The Z-component of the spin magnetic moment of the 
proton IU ol roton = 2-7928 u, 


The neutron has a corresponding magnitude | lsz 
= 1.9130 u. 

Magnetic moment of proton and neutron is supposed to 
come from quarks. Protons and neutrons are not fundamental 
particles but made of quarks. Resonant signal can flip proton 
spin. Spin flip experiments are called Nuclear Magnetic 
Resonance (NMR). An elaboration of this basic idea leads 
to Magnetic Resonance Imaging (MRI). 


neutron 


NuclearForce The force that binds protons and neutrons 
together in the nucleus, despite the electrical repulsion of 
protons. This is an example of strong interaction and is 
termed as Nuclear force. Some of the characteristics of 
nuclear force are 1. It does not depend on charge. Binding 
is equal for proton and neutron. 2. It is a short range force 
extending upto 10 fm at the most. 3. Nuclear force is 50-60 
times stronger than electromagnetic force. 4. Binding force 
favour binding of pairs of protons and neutrons of opposite 
spin and pairs of pairs, that is, a pair of proton and a pair of 
neutron, each pair having opposite spins. Hence, a-particle 
is an extremely stable nucleus. 


Heisenberg in 1932 proposed exchange force theory. 
Yukawa extended this theory and found even mass of 
m-mesons. According to this theory proton does not remain 
proton forever and neutron does not remain neutron for ever. 
They go on changing. For instance, 


Atomsand Nuclei 
1 1 +), 
PE ont; 
1 1 - 
ole ptT . 
Where 2°, m * and m- are m-mesons having mass = 
270 m. Later on, z-mesons were confirmed in cosmic rays. 
The heavy nuclides require more neutrons so that coulomb 


repulsion can be balanced. Shell model and liquid drop 
model represent the structure of nucleus. 


Binding Energy E,=(Zm, + Nm, — 2M ) c2. The term in 
the bracket or E,/C” is called mass defect. Binding energy 


Es. 
per neuteon T is defined as 


Massexcess LetA bethe mass number ofa nucleus. Let 
Mu (atomic mass units) be the mass of neutral atom, Au be 
the mass of nuclide in amu then excess mass 


251) 3 


Excess mass = (Mu — Au) =(M-—A) a in MeV/c? 


Packing fraction P = (M — A)/A. 


Magic numbers The nuclides having number of 
protons or number of neutrons 2, 8, 20, 28, 50, 82 or 126 
are unusually stable. Nuclides with Z = 126 have not been 
observed in nature. There are nuclides in which Z and N are 


magic numbers including tHe, °O, % Ca, $ Ca . 


(Mev/nucleon) 


Binding energy per nucleon 


200 


250 A 


Mare number 


Fig. 18.9 Binding energy per nucleon vs Mass number. 


Only four odd-odd nuclides are known to be stable 7H , 
SLi, .°B and ;N .The absence of other odd-odd nuclides 
show the influence of pairing. 


Fig. 18.9 shows an approximate binding energy curve. 
Spikes show extra stable nuclides. Nuclides with binding 
energy > 7.6 MeV per nucleon are stable. 
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According to Liquid Drop Model 


1. Nuclear forces show saturation, i.e., an individual 
nucleon can interact with a few of its nearest 
neighbours. The effect gives a binding energy term 
as C A. 


2. The nucleons on the surface of the nucleus are 
less lightly bound. This effect leads to —C, A”? 
(proportional to surface area). 


3. Each proton repels the remaining (Z -— 1) protons 
leading to an energy -CZ (Z-1) A” 


4. Tomake nucleus stable we shall have more neutrons 
therefore, a term —C, (N— Z)*/A or —C' (A — 2Z)*/A 
be added as correction term. 


5. Finally, the nuclear force favours pairing. If both Z 
and N are even then this term be positive, if both Z 
and N are odd then this term be negative and zero 
other wise. The form of the term is + C;A~**. Thus 
estimated binding energy E, is sum of these five 


terms. ; 
Z(Z—1) (A-—2Z) 
E= Ca CAM- C, OAB o C, — 
+ CA“ A 


The formula best fits if C i= 15.75 MeV, C,= 17.8 MeV, 
C, = 0.71 MeV C, = 23.69 MeV and C, = 39 MeV. 


The semi emperical mass formula is 


E 
7M =Zm,,+ Nm, - 2 


Stability Criterion According to a survey of periodic 


table, nuclides having au =lor Z = 1.6 are stable. Amongst 


these, nuclides having even N or even Z are most stable. 
Nearly 90% of 2500 known nuclides are radioactive. 
209 208 
Bi Pb 
g3 lEead í g2 | 
is the most stable heavy nuclide. All transuranic elements 


end into lead. The elements.or nuclides which decay with 
time are called radioactive nuclides. 


The heaviest stable nuclide is 


Radioactive decay Stable nuclides have definite 
atomic number and number of neutrons. Unstable nuclides 
decay by a or B emission. When the recoiling nucleus gets 
de-excited y-rays are also produced. 


Q-value of the reaction Q = Uisa — Uana = (M, — Mp) 
c? where M i is the mass of reactants and M p is the mass of 


products. For the a-decay 


OREO 


a-rays A stream of a-particles coming out of a radioactive 
source is called a-rays. 


a-decay Gamow theory based on tunneling explains 
a-decay. In a-decay, proton number decreases by 2 and 
mass number decreases by 4. The residual nucleus is, thus, 
different and is called daughter nucleus. 


A A —4 4 
X —> Y > + 
Z Z -2 2 


Parent nucleus daughter nucleus @ - particle 
Conditions for a-decay 
Mass number A > 210 and Z> 1.6 


Three Types ofB-decays 

(a) B-(or electron emission) 

(b) B+ (positron emission) and, 

(c) K-electron capture. 

B-decays kept scientist puzzled for about 20 years. 

We consider radioactivity as a collison process. Momentum 
could not be conserved as emitted B-particles have different 
energies as illustrated in Fig. 18.10. It was then suggested, 
consider B-emission as a two particle emission. The second 
particle was soon detected as neutrino (v). Neutrino is a 


. i l : 
fermion as it has spin quantum number + — 4+ . It is a mass- 
less particle or has rest mass zero. 


I 

z 

ld 

1 Q 

AE 

7 = 

N ! 

5 O ! maxımum 

E 2 energy 

= z i—> Energy 
aie Emav 


Fig. 18.10 Energy distribution of B-emission 


To understand B-emission we must have an idea of 
conservation rules. 
Conservation Rules 
Momentum is conserved. 
Mass number is conserved. 


Charge number is conserved. 


=o pe 


Particle number is conserved. 
5. Parity is conserved. 

Particlesand Antiparticles Itis believed that particles 
live in positive sea and antiparticles live in negative sea 
separated by 2 m c° where m, is rest mass of the particle. See 
Fig 18.11. When particle and anti particle unite, an energy 
= 2 mc’ is produced. It is believed that each particle has its 
antiparticle. For example, when electron 


+ M,C” |Positive sea (Particles) 


Fig. 18.11 Particle/Antiparticle illustration 
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and positron unite. y-ray of energy 1.02 MeV is produced 
and the process is called Pair annihilation. 

eC + 

a a (E, = 1.02 MeV)'. 


electron positron rays 


Each particle is assigned a particle number +1 and each 
antiparticle is assigned particle number —1. 


B-decay 

A A 0 = 
X > Y+ p+r. 

Z Z+1 —| 


Antinutrino (y ) is assumed to be emitted during B- 
decay to conserve particle number 
A=A+l1-1 


Note that daughter nucleus has atomic number one 
larger than parent nucleus while mass number A remains 
unchanged. It is assumed that a neutron in the nucleus decays 
to a proton by the following process to facilitate p -emission. 

l l 0 = 
n> p+ Ê+ VY 

0 l -l antinutrino 

Remember the electrons emitted from nucleus are 
called £-particles. 


Condition for B-decay to occur >> 1 for low 
N 
Z-nuclides. Or a > 1.6 for high Z-nuclides. 


Note that positron is an antiparticle of electron. 
B * (positron) emission 
A A 0 

B + Y 


-=> . 
Z Zal ar nutrino 
positron 


See carefully that during p*-emission charge number 
decreases by | and mass number remains unchanged. It is 
assumed that a proton changes to a neutron in order to achieve 


>= 1 for light nuclides or > 1.6 for heavy nuclides. 


l l 0 ty 
k Ki ü +1° * nutrino 
positron 


Condition for B*-decay al < l or 1.6 for light and 
heavy nuclides respectively. 


K-electron capture If electron from K-shell is captured 
by the nuclide, the process is called K-electron capture. The 
resulting daughter nuclide will have atomic number one 
less than the parent like ft-emission. The only difference 
in 6*-emission and K-electron capture is that in latter case 
X-ray is emitted (atomic process) while in £*-emission y-ray 
is emitted (nuclear process). 


A 0 A 
X+ e>+ Y+ V, (+X-ray) 
Z -1 Z-—1  nutrino 
K-electron 
capture 
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y-emission The daughter nucleus after a-decay or after 
p- or p*-decay gets excited. It de-excites after a fraction of 
second and emits y-rays. Neither mass number nor atomic 
number changes during y-emission. In naturally occuring 
radioactive substances y-emission follows a- or B-emission. 


However, artificial radioactive samples can decay only 
by y-emission also. 


Law of Radioactivity a= —AN where À is decay 
t 


constant or distintegration constant. 


"dN |} P? 
A dt J- l>N=N e” 


N (t) 


f2 time 
Fig. 18.12 Radioactive decay process 


Fig. 18.12 shows how number of nuclides left 


undecayed vary with time. The quantity gives the 


number of decay per second and is called activity. Thus, 


—dN 
"a =AN=A (Activity) and A = A, eu 
t 


The SI unit of activity is Becquerel (Bq). | Bq = 1 dps 
(decay per second). The practical unit of activity are Curie 
and Rutherford. 


1 Curie (Ci) = 3.7 x 10'° dps 
1 Rutherford (R) = 10° dps 


Activity per unit mass 1s called specific activity. a-, B-, 
y-, neutrons and X-rays break molecular bonds and create 
ions, hence, the term ionizing radiations is used for them. 
They can destroy tissue cells, cause alteration in genetic 
material and destruction of the components in bone marrow 
that produce red blood cells. 


Radiation dose SI unit of absorbed dose is Joule/kg and 
is called Gray (Gy) 


1 Gy = 1 J/kg Another unit is rad. 1 rad = 0.01 J/kg 
= 0.01 Gy 


Equal amounts of different radiation cause different 
effects. Therefore, relative biological effectiveness (RBE), 
also called quality factor (QF) of each specific radiation 
is defined by a numerical factor. X-rays with 200 keV of 
energy are defined to have an RBE unity. SI unit of biological 
equivalent dose is called Sievert (Sv) 
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1 Sv = (RBE) x [absorbed dose (Gy)] 
The permitted dose is 50 u Sv per annum. 


A dose of 5 Sv or more causes a death in few days. 
Table 18.1 lists RBE for various radiations. Another common 
unit is Roentgen equivalent for Man (rem), 1 rem = .01Sv. 


Table 18.1 
Radiation RBE (Sv/Gy) 
X-ray and y-ray l 
Electrons l- 1.5 
Slow neutrons 3-5 
Protons 10 
a-particles 20 
Heavy ions 20 
Half-life t „ = ULA The time in which activity 


reduces to the half the present value is called half life. 


l 
Average life t, = 7 = 1.44 t 


Properties ofa-rays 
1. Itis a stream of He nuclides. 


2. Since they have two unit positive charge. They are 
deflected by electric and magnetic fields. 


3. Their ionizing power is very large (maximum 
amongst a, f, and y). 


4. Their penetrating power is minimum. They can 
travel few cm in air. 


5. They produce scintillation on striking with 
floroscent material like barium platinocyanide. 


6. They affect photographic plates. 


Properties of f-rays 
1. Itis a stream of electrons. 
2. They are deflected by electric and magnetic fields. 


3. Their ionizing power is less than that of a- but 
greater than that of y-particles. 


4. Their penetrating power is more than that of a- but 
less than that of y-rays. 


5. They produce scientillation on striking a fluorescent 
screen. 


6. They affect photographic plates. 


Note: f* rays possess same properties as f rays except 
they are positively charged and will deflect in a 
direction opposite to J -in the applied magnetic or 
electric field. 


Properties ofy-rays 


1. y-rays are em radiations (no charge, rest mass zero), 
move with speed of light. 
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They are not deflected by electric or magnetic fields. 


y-rays have maximum penetrating power amongst 
a, B and y. 


4. The iozining power of y-rays is minimum amongst 
a, B and y. 


5. They affect photographic plates. 


Nuclear fission is a decay process in which an unstable 
nucleus splits into two fragments of comparable mass. 


yield (%) 


10% 


0.01 


0.001 
mass no 


A 


708090 100 110 120 130 140 150 160 


Fig. 18.13 Yield of fragments in a nuclear fission 
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e 
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236 144 89 l 

Kr+3 n 

92 56 36 0 
l 


94 
Kr+2 n. 
36 QO ’ 


4 l 
Sr+2 n 
92 54 38 0 
Large number of reactions are feasible. Some of the 
most prominent are listed. Fig. 18.13 shows percentage yield 


Vs mass number of fission products of Sou . Note that 


some reactions give 2 neutrons and others emit 3 neutrons 
per reaction. Thus, on an average 2.47 neutrons per reaction 
are emitted. Most of the fragments have mass number 90 
to 100 and 135 to 145. The delayed neutron helps a lot in 
controlling fission rate. 
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About 200 MeV energy per reaction is released in each 
fission. Neutrons take away about 5 MeV energy in each 
reaction. As the fragments further decay an additional 15—20 
MeV energy is released. 


Nuclear fission may be explained with liquid drop 
model as illustrated in Fig. 18.14. 


236 fission fragment 
92 - 
1 ; L) 7a neutrons 
a L Be 


E= E, fission fragment 


Fig. 18.14 Liquid drop model for nuclear fission 


Initially assume the nuclide in the state E. It gains 
energy by itself for a short interval according to Hiesenberg’s 
uncertainty principle AE . At = and reaches a higher energy 
state E,. The shape gets distorted due to internal vibrations 
and becomes like a dumb bell and finally breaks up into 
two nuclides releasing energy E, — E, as illustrated in 
Fig. 18.14 and 18.15. 


Table 18.2 shows fission probabilities of various 
substances. Note ~’ Pu is 1.5 times more efficient than 
2U. This is why it is the most desirable fissionable material. 


Energy 
released 


Fig. 18.15 Energy transfer depiction during fission 


Table 18.2 Fission Probability 


Nuclide Fission Probability ralative to 236U92 
eee l | (assumed arbitrarily) 
23877 < 10> 
240 Pu 1.5 
Am <2 x 107 


Criticalmass The minimum mass of fissionable material 
required to carry out fission reaction. It is 10 kg for 7°U. 


Critical Reaction One neutron per reaction used to carry 


out further chain reaction while other neutrons are absorbed. 
Moderator slows down the neutrons. 


Thermal/Slow neutrons Neutrons having energy of the 
order of room temperature (0.02 eV) are termed as slow or 
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thermal neutrons. The normal nuclear reactors use 77°U or 
235U while breeder reactors use 7°U and produce nuclear 
fuel which is more efficient than consumed. 


238, 1239, # 239 #239 
92° 0 92 7 93 PF o4 


Since Pu is 1.5 times more efficient than 7°U. Thus, a 
breeder reactor converts a non-fissionable material to a one 
which is rather more efficient. 


Enriched Uranium Increasing the proportion of **°U 
from its natural value of 0.7% to 3% or more by isotope 
separation processing using p° centrifuge is termed as 
enriched uranium. The fission of 7*°U is triggered by the 
absorption of slow neutrons. 


Nuclear fusion occurs when two light nuclide unite or 
fuse together to form a heavy nucleus. 


To carry out fusion, the temperature should be of the 
order of 107” K 


l l 2 0 
H + H —> H+ e+v 
l l l +1 
2 l 3 0 3 
H+ H —> H + e+vor He | The 
l l l +1 2 overall 
3 l 4 
H+ H> He energy 
| l p; released is 
3 1 0 nearly 27 
or Het m’ He + ge MeV 


The overall reaction is 
l 4 0 

4 H+ He,}2 e+2v 
l 2 +] 


Such a reaction is called thermal nuclear fusion 
reaction. In stars where the temperature is 10° K, another 
cycle called proton carbon cycle takes place. 


l 4 12 0 
4 H+2 Hey, _C+2 e+2v 
l 2 6 +] 


Er fr T 
i E DaN tN: 


13 EN 
7 6 
The process continues until A = 56 (Iron). The element 
heavier than iron can be produced by neutron absorption and 
subsequent f decay. 


C+ e +v 
+1 


l 13 14 
H+ C> _ N+y; 
l 6 7 


l 14 15 
H+ N> O+y 
l 7 8 
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15 15 0 
O+>» _ N+ e+v 
g 7 +] 


l 15 16 12 4 
H C+ He. 
| Sige a | ty e 


Nuclear fusion in laboratory Lawson criterion n t= 
10'* s cm™° where n is density of fusing particles and tis time 
of confinement. The quantity nt is called Lawson number. 
Lawson showed that in order to achieve energy output > 
energy input nt> 10 cm>°-— s. 


Short Cuts and Points to Note 


1. Bohr model could not explain Hydrogen spectrum 
completely what to talk of other atoms or hydrogen 
like atoms 1.e. Het, Li** etc. 656.3 nm line in 
H-spectrum was found to split in 5 lines. No 
explanation for such a splitting is given in Bohr’s 
model. Bohr arbitrarily assumed that orbits are 
stationary. He gave no reason as to why the moving 
charge do not lose energy. It could not even explain 
Zeeman and Stark effects. 


According to Bohr’s Theory 
2. Radius of nth orbit r = n? (0.53) A? for Hydrogen. 


2 


r = a (0.53) A? for hydrogen like atoms 


22x10" 
——_@ 


n 


3. Velocity of electron in nth orbit v, = s~“ 


22x10 
for hydrogen v, = ———— ms" for hydrogen like 


atoms. 5 


4.159x10° 
yi 


4. Angular frequency ©, = : ads" for 
n 


hydrogen. 
4.159 x10°Z? 
Se 


n 3 
n 


rads" for hydrogen like atoms. 


-1 


6.625x 10° Z° È 


3 
n 


5. Linear frequency f= 


Lix" n 
6. Time period of revolution T = ile 


gee 
7. Electric current due to an electron motion in the nth 
1.06Z° 
orbit Z = ua mA. 
n 
12.58Z° 
8. Magnetic induction B, =——— Tesla reduce for 
n 
electron revolving in nth orbit. 
h h 
9. Magnetic moment M A M OG 1 
” 2m 47m 


Am’ for the first orbit of hydrogen and is called Bohr 
magneton. In nth orbit M =n M =n x 9.26 x 10 
Am’. 


10. 


11. 
12. 


13. 


14. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 
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Potential Energy, PE = — 2 KE 


_ 13.62" ee -27.2Z° 


KE z ——eV. 
n n 


7- 
Binding energy BE = KE + PE = -13.6 — eV. 
n? 


A 
Volt. 


2 


Ionization potential = 


Rydberg constant R = 1.09737 x 107m" 
Rhc = -13.6 eV in terms of energy 


hdl 
Excitation potential = —13.6 Z? + a + ; 


l 2 
Lyman series in the Hydrogen spectrum shows both 
emission and absorption spectrum. All other series 
of Hydrogen spectrum show emission spectrum. 


. nth excited state means (n + 1) th energy level or 


orbit. 

Maximum number of spectral lines which could be 
; S. n(n — | 

emitted when electron is in the nth state = = 


The energy level difference goes on decreasing as 
n increases. 


Total number of elements for a given principal 
quantum number n is 


=2[n?+(n—-1)?+...... 1] 
For example, for n = 3. 
Total number of elements = 2[3? + 2? + 17] = 28 
Distance of closest approach in a-particle scattering 
22e 
Ze’ cot 2) 
e 


r= _. = and 
47€,( KE) 
4re (KE) ` 


impact parameter b = 


Number of particles scattered at an angle 0 
2 


N (6) oc =, ~. 
sii” | — (KEY 
(2 xe 
1240 1240 f 
A (nm) = E(ev) = E-E for absorption or 


emission of radiation. 


If in Bohr’s theory, instead of m (mass of electron), 


reduced mass m = is taken (m, — mass of 


m, +m, 
proton, m, > mass of electron) then a perfect result 
is obtained). 


X-rays may be divided into two categories: soft 
X-ray and hard X-ray. Soft X-rays are mainly used 
in medical science. (Frequency ~ 10'° Hz). Hard 
X-rays have wave length 0.1 A?” to 10 A® and is 
mainly used in industry. (frequency ~ 10'* Hz) 
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23. 


24. 


25. 


26. 


27. 


28. 
29. 


30. 


31. 


32. 


Modified coolidge tube 1s used to produce X-rays. 
Highly accelerated electrons strike the target at low 
pressure of the order of 10° torr. 


Continuous radiations are called ‘Bremsstrahlung 
radiations’ and minimum wavelength is given by 


1240 x10” 
oe where V is the potential 


difference applied between anode and cathode. 


To find crystal structure Bragg’s law 2d sin 0 =n 
A is used. Where d is inter-atomic distance. It is 
based on diffraction of X-rays from a crystal (as a 
diffraction grating). 


Wavelength of characteristic X-ray depends upon 
atomic number Z. It does not depend upon applied 
potential. The energy of characteristic X-ray is given 
by 

1 1 
E=hf= Rhe z? — |. 


2 2 
1 2 


The characteristic X-rays also follow Moseley’s 
law ./ f =a (Z—b). The unit of a is (Hz)'” while b 
is dimensionless. The values of b are close to 1 for 
K-X-rays and b = 7.4 for L-X-rays. 


f= 2.48 x 10° (Z- 1)’. 


Amin 


Anode potential V 


See variation of /_ with anode potential in the 
Figure. 
Hydrogen atoms cannot give X-rays. 


X-rays cannot be reflected by ordinary targets. 
Therefore, these rays can not be used in RADARS. 


X-ray ionize the gas through which they pass. They 
affect photographic plate also. 


X-ray cause photo electric effect and compton 
h 


scattering. In compton scattering AA = Wee 
0 


(1 —cos @) 

= 0.024 x10 (1 — cos @) 

X-rays are absorbed according to the law Z = Z e™ 
where a is the coefficient of absorption. a œ 4° 
and a œ Z*, Thus, X-rays can penetrate and pass 


through low atomic number elements like Al, Wood, 
Plastics, human flesh etc. 


33. 


34. 


35. 


37. 


39. 


Atomsand Nuclei 


Over exposure of X-rays is harmful. It may harm 
fetus during pregnancy if a pregnant woman is 
exposed to X-rays. 


Absorption spectrum of X-ray are not the same 
as optical spectra. Reverse transition do not occur 
for Z => 10. Sudden jumps of absorption are found 
as shown in the Figure. If accelerating voltage is 
gradually increased. For example, in the Figure K 
absorption edge for Mo is shown to occur at 20 keV. 


Absorption 


K-absorption edge 


E (Kev) 


10 20 Kev 30 


The particles inside the nucleus are called nucleons. 
They are mesons and baryon. Baryons are made of 
quarks. 


. The radius of the nucleus is given by R = R, A13 


where R = 1.1 fm (1 fm = 10" m). 
The nucleus density is independent of mass number 
A. 


. For nuclides to be stable >- 1 for light nuclides 


and >= 1.6 for heavy nuclides. Nuclides having 


number of protons or number of neutrons 2, 8, 20, 
28, 50, 82 or 126 are unusually stable and termed 
as magic numbers. If binding energy per nucleon 
is greater than 7.6 MeV/nucleon, the nuclides are 
stable. 


A 
Binding energy E, = (Zing + Zm, — a c*, The 
term in the bracket is called mass defect 


A 
Zm, +Zm,—-—M 


B = | ue ] e 


ri A is binding energy 


per nucleon. 


E 
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Caution 


1. 


Assuming there is no difference between closest 
distance of approach and impact parameter. 


Foil 


a particle 


(a) 


(b) 


Illustration of distance of closest approach 
and impact parameter 


Closest distance of approach is the minimum 
distance between a-particle and foil. The one which 
are reflected back by 180° reach closest as illustrated 
in the Figure (a) above. 


2Ze’ 
"= Ame,(KE) 


Impact parameter is the radius of the incident 
cylindrical beam of a-particles as illustrated in 
the Figure (b) a-particles scattered at different 
angle lie on different radius of the cylindrical 
beam. 


Considering that Bohr’s model can be applied to 
any atom. 


It can be applied only to hydrogen like atoms/ 
ions, even it does not satisfy hydrogen spectrum 
completely. Models based on 4 quantum numbers 
n, L, m and s give correct picture. 


Confusion between binding energy, ionization 
energy and excitation energy. 


Binding energy is sum of KE + PE of the orbital 
electron. Ionization energy is the minimum energy 
required to remove an electron from its ground state 
to vacuum level (or œ). Assuming electron is present 
in nth state tehn, 


=E -E. 


ionization 
Excitation energy is the amount of energy required 
to transit electron from lower level n, to higher level 
ny 1.e., E =E,-E, 


excitation 


4. 


> 


10. 


=m 


TXEN 


Not recognizing H, H; lines of a series. 


The Figure illustrates H, and H, lines of a given 
series (Balmar here). The transition E, > E, is H, 
line and transition E, > E, gives H , line of Balmar 
series. 


Not remembering which series in hydrogen 
spectrum has its absorption spectrum. 


Only Lyman series has both its emission and 
absorption spectrum. All other series have only 
emission spectrum. 


Not understanding clearly the meaning of excited 
State. 


nth excited state means (n + 1) th level. 
Assuming only electrons are Fermions. 


All particles which follow Pauli’s exclusion 
principle or having spin half odd multiple of / are 
Fermious. Thus, even protons and neutrons are also 
fermious 


Considering ionization energy/ionization potential 
and excitation energy/excitation potential are 
synonyms. 


The minimum energy to ionize the atom is called 
ionization energy. The potential difference through 
which an electron be accelerated to acquire this 
energy is called ionization potential. Ionization 
energy of H is 13.6 eV and ionization potential is 
13.6 V. 


Energy required to take an electron from ground state 
to an excited state is called excitation energy. The 
potential through which an electron be accelerated 
to acquire this energy is called excitation potential. 
For example, excitation energy for transition E, — E, 
for hydrogen is 10.2 eV and excitation potential is 
10.2 V. 


Considering that spectral lines are just single lines. 


They consist of fine lines. 656.3 nm line splits to 5 
lines when seen under high resolution microscope. 
Zeeman and stark effects also show that the lines 
split when magnetic or electric field is applied. 


Not remembering the relation between eV and Joule 
(J). 
1 eV = 1.6 x 10” J 
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11. Considering the spectral lines emitted such 


as in Hydrogen spectrum are due to a single 
atom. 


PRACTICE EXERCISE 1 
(SOLVED) 


1. The total energy of an electron in the first excited state 


5. 


of hydrogen is about —3.4 eV. Its KE in this state is 


(a) 3.4 eV (b) 6.8 eV 
(c) —3.4 eV (d) —6.8 eV 
(CBSE PMT 2005) 


Energy levels A, B and C of a certain atom correspond 
to increasing values of energy, i.e., E, < E, < E.. IfA, 
À, and À, are wavelengths corresponding to transitions 
C to B, B to A and C to A respectively then 


Ah 

A+A, 

(d) AHA +A 
(CBSE PMT 2005) 


(a) A,=4, +4, (b) A,= 


(c) A, +4,4+/,=0 


The ground state energy of Hydrogen atom is —13.6 
eV. What is the potential energy of the electron in this 
State. 

(a) QDeV 
(c) leV 


(b) -27.2 eV 
(d) 2eV 
[AIIMS 2005] 


Radius of first Bohr orbit is r. The radius of 2nd Bohr 
orbit is 
(a) 8r 
(c) 4r 


(b) 2r 


(d) 242r 
(BHU 2005) 


The electron in a hydrogen atom makes a transition 
from n, to n, state. The time period of electron in n, is 
8 times in n,. The possible values of n, and n, are 
(a) n =8,n,=1 (b) n =4,n,=2 
(c) n,=2,n,=4 (d) n,=1,n,=8 

(CET Karnataka 2005) 


Atomsand Nuclei 


= Electric discharge is provided to the H gas in a 


10. 


discharge tube. Spectrum is the result of different 
atoms going through different transitions. 


Bohr’s atom model assumes 
(a) the nucleus is of infinite mass and is at rest. 
(b) electron in a quantized orbit will not radiate energy. 
(c) mass of the electron remains constant. 
(d) all of these. 
(CET Karnataka 2005) 


Identify the wrong statement in the following; 
Coulomb’s law correctly describes the electric force 
that 
(a) binds the electrons of an atom to its nucleus. 
(b) binds protons and neutrons in the nucleus of 
an atom. 
(c) binds atoms together to form molecules. 
(d) binds atoms and molecules to form solids. 
(CET Karnataka 2005) 


The energy that should be added to an electron to reduce 
its de Broglie wavelength from 1 nm to 0.5 nm is 
(a) four times the initial energy. 
(b) equal to initial energy. 
(c) twice the initial energy. 
(d) thrice the initial energy. 
[CET Karnataka 2005] 


The diagram shows the energy levels for an electron in 
a certain atom. Which transition shown represents the 
emission of a photon with the most energy? 


(a) I (b) I 

(c) IH (d IV 
n=4 
n=3 
n=2 
n=l 


I I IMH IV 


Whenever a photon is emitted by hydrogen in Balmar 
series, it is followed by another photon in Lyman series. 
The wavelength of latter photon will be 

(a) 102 nm (b) 112 nm 

(c) 122 nm (d) none of these 
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11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


A positive ion having only one electron ejects it if a 
photon of A < 228 A° is absorbed by it. The ion is 

(a) He* (b) Lit 

(c) Be* (d) BY 


Find the ratio of magnetic dipole moment to angular 
momentum in a hydrogen like atom. 


e e 
(a) p (b) a 
e 2e 
(c) a (d) — 
io = 
m 


The average KE of molecules in a gas at temperature 
T is = Kr Find the temperature at which the average 


KE of molecules equal to binding energy of its atoms. 
(a) 1.05 x 10° K (b) 1.05 x 10t K 
(c) 1.05 x 10° K (d) none of these 


Hydrogen atom in ground state takes up a photon of 
A= 50 nm (u v light). Find the KE with which it is 
emitted. 

(a) 14.4 eV 
(c) 13.6 eV 


(b) 12.2 eV 
(d) 11.2 eV 


A filter transmits only the radiation of wavelength = 
440 nm. Radiation from a hydrogen discharge tube goes 
through such a filter and is incident on a metal of work 
function 2.0 eV. Find the stopping potential which can 
stop. 


(a) 14V (b) 1.3 V 
(b) 0.85 V (d) 0.55 V 
—.85 eV 
—1.5]l eV 
—~3.4 eV 
— 13.6 eV 


Find the maximum work function a metal can have so 
that light from Balmer series can cause emission. 

(a) 3.4eV (b) 2.55 eV 

(c) 1.89 eV (d) none of these 


The electron is present in the —1.51 eV energy state. 
Find the angular momentum of the electron. 

(a) 2h (b) h 

(c) 3h (d) 4h 

(e) none of these 


Which of the following products in a hydrogen atom 
is independent of principal quantum number n, 

(a) vr (b) vn 

(c) Er (d) En 


19. 


20. 


21. 


22. 


23. 


24. 


23, 


26. 


27. 


28. 


i815 


The radius of shortest orbit in one electron system is 
18 pm. It may be 


(a) H (b) 
(c) Het 


2H 


1 
(d) Lit 


An atom initially at an energy level E = -6.52 eV. It 
absorbs a photon of wavelength 860 nm. What is the 
internal energy of atom after absorbing photon. 

(a) 5.08 eV (b) 1.44eV 

(c) —1.44 eV (d) —5.08 eV 


What is minimum frequency of the photon required to 
carry out transition n = 2 to n = 3 

(a) 1.21 x 10° Hz (b) 1.61 x 10° Hz 

(c) 1.21 x 10'* Hz (d) 1.61 x 10'* Hz 


n= 4— e- -2ev 
n= 3 —_ > <5 ev 
n= 2 —10 ev 


n= L ~e ~—~—~—— 20 ev 


If A, is the area enclosed in the nth orbit in a hydrogen 


atom then the graph log 4 against log n 
1 
(a) will have slope 2 (straightline). 
(b) will have slope 4 (straightline). 
(c) will be a monotonically increasing nonlinear curve. 
(d) will be a circle. 


The hydrogen atom emits a photon of 656.3 nm line. 
Find the momentum of the photon associated with it. 
(a) 10°’kg ms" (b) 10°? kg ms"! 

(c) 10% kg ms" (d) none of these 


A hydrogen atom emits uv radiation of wavelength 
102.5 nm. Find the quantum numbers of the states 
involved. 
(a) 3,1 
(c) 4,1 


(b) 2,1 
(d) 4,2 


An electron with KE 6 eV is incident on a hydrogen 
atom in its ground state. The collision 

(a) must be elastic. 

(b) may be partially elastic. 

(c) must be completely inelastic. 

(d) may be partially inelastic. 


1 M e V a-particle is scattered 60° by gold foil. Find 
aiming parameter. 

A particle of mass m moves around in a circular orbit in a 
centro symmetric potential field u(r) = a . Using Bohr’s 


quantization rule, find the permissible energy levels. 


A uniform magnetic field B exists in a region. An 
electron projected perpendicular to the field goes in a 
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29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


cricle. Assuming Bohr’s quantization rule, calculate the 
radius of nth orbit and the minimum possible speed of 
electron. 


Assume an imaginary world. Where angular momentum 
is quantized to even multiple Å. Find the longest 
possible wavelength emitted by Hydrogen in the visible 
spectrum. 


Consider a positronium atom consisting of a positron 
and an electron each having mass m (equal to mass of 
electron) in the orbit around its centre of mass. This 
structure lasts for 10% s only. Find the energy levels 
for this model. 


Find the minimum wavelength of X-ray produced if 
10 kV potential difference is applied across the anode 
and cathode of the tube. 
(a) 12.4 A° 
(c) 1.24 nm 


(b) 12.4 nm 
(d) 1.24 A° 


A photon of frequency funder goes compton scattering 
from an electron at rest and scatters through an angle 
O. The frequency of scattered photon is f’ then 

(a) f'>f (b) fi=f 

(c) f'<f (d) none of these 
Protons are accelerated from rest by a potential 
difference 4 kV and strike a metal target. If a proton 
produces one photon on impact of minimum wavelength 
A, and similarly an electron accelerated to 4 kV strikes 
the target and produces a minimum wavelength 
A, then 

(a) 1, =A, 

(b) A, >A, 

(c) A, <A, 

(d) no such relation can be established 

The minimum wavelength X-ray produced in an 
X-ray tube operating at 18 kV is compton scattered 
at 45° (by a target). Find the wavelength of scattered 
X-ray. 

(a) 68.8 pm 
(c) 69.52 pm 


(b) 68.08 pm 
(d) none of these 


K, wavelength of an unknown element is .0709 nm. 
Identify the element. 


(a) Co (b) Cu 
(c) Mn (d) Mo 
(e) Sr 


The atomic number (Z) of an element whose K, 
wavelength is A is 11. The atomic number whose K, 
wavelength is 44 is equal to 


(IIT Screening 2005) 
(a) 6 (b) 11 
(c) 44 (d) 4 


Who discovered X-rays? 
(a) Roentgen 
(c) Rutherford 


(b) Marie curie 
(d) all 
[BHU 2005] 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


Atomsand Nuclei 


Consider a photon of continous X-ray coming from a 
coolidge tube. Its energy comes from 

(a) KE of the striking electron. 

(b) KE of free electron of the target. 

(c) KE of the ions of the target. 

(d) an atomic transition in the target. 


Fig 18.25 shows intensity wavelength relation of 
X-rays in two different tubes A and B operating at 
V, and V, having targets of atomic number Z, and 
Z, then 


Intensity 


(a) V,>V,,Z,>Z, 
(c) V< Vp Z> Z 


(b) V, > V, Z, < Z, 
(d) V, < V, Z, < Z, 


40% of the X-rays coming from a Coolidge tube can 
pass through 0.2 mm thick Al plate. The Anode voltage 
is increased. Now 40% of the X-rays will pass through 
Al foil of thickness. 
(a) zero 

(c) =0.2 mm 


(b) <0.2 mm 
(d) >0.2 mm 


For harder X-rays 

(a) wavelength is higher. 
(b) intensity is higher. 
(c) frequency is higher. 
(d) all of these. 


Consider À, and A, are minimum wavelengths of 
continuous and characteristic X-rays then 

(a) 4 =A, (b) 4, >44, 

(c) A, <A, (d) none of these 


An X-ray tube operating at 20 kV shows a current 
1 mA. Assuming efficiency 1%. Find the number of 
X-ray photons emitted per second. 

(a) 5.25 x 10” (b) 6.25 x 10”? 

(c) 6.25 x 10” (d) 5.25 x 10” 


The operating voltage is increased by 2%. By what % 
cut off wavelength of X-ray decrease in a Coolidge tube 
(a) 1% (b) 1.5% 

(c) 1.8% (d) 2% 


The wavelength of K, and L, X-rays of a material 
are 21.3 pm and 141 pm. Find the wavelength of 


K, X-ray. 
(a) 19 nm (b) 29 nm 
(c) 26.1 nm (d) 38 nm 
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47. 


48. 


49. 


50. 


al. 


32. 


53. 


A colour TV screen operates at 20 kV. The absorption 
coefficient of screen is 0.4 mm™!. Find the minimum 
thickness of the screen so that not more than 1% of 
X-rays come out. 
(a) 2.5 mm 
(c) 9.3mm 


(b) 5mm 
(d) 11.6 mm 


Solid targets of different elements are bombarded by 
highly energetic electron beam. The frequency of the 
characteristic X-rays emitted from different targets 
varies with atomic number Z as 

(a) fæ VZ (b) faz 

(c) fz (d) fo Z*° 


Assume 100 pm X-ray beam is passed through YDSE. 
Interference pattern is observed on a photographic 
plate placed 40 cm away from the slits. What should be 
the separation between the slits so that the separation 
between two successive maxima is 0.1 mm. 

(a) 4um (b) 0.4 um 

(c) 4nm (d) 40 um 


An X-ray tube operates at 40 kV. Suppose the electrons 
convert 70% its energy into a photon in each collision. 
Find the lowest 3 wavelength emitted. 


| 
Plot the graph between anode potential and Ja Also 
find its slope. gn 
y 


A 


L 
A 


The electric current in an X-ray tube operating at 40 
kV is 5 mA. If efficiency is 1%. Find 

(a) power emitted as X-ray. 

(b) power converted to heat. 


A tissue paper soaked with polluted water showed K, 

peaks at 78.9 pm, 146 pm, 158 pm and 198 pm. Find 

the elements it contained. 

2 3 4 l 
H + H > He + 


In the reaction | | > 0 


n if the binding 


2 


energies of >] 


and c (in MeV) then the energy (in MeV) released is 


H and ae are respectively a, b 


54. 


35. 


56. 


SA 


58. 


59. 


60. 
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(a) a+b+c (b) a+b-c 
(c) c-a-b (d) c+a-b 
(CBSE PMT 2005) 


Fission of nuclei is possible because the binding energy 

per nucleon in them 

(a) increases with mass number of low mass. 

(b) decreases with mass number at low mass number. 

(c) increases with mass number at high mass number. 

(d) decreases with mass number at high mass number. 
(CBSE PMT 2005) 


A star converts all its He in Oxygen. Find the amount 
of energy released per nucleus of oxygen. He = 4.0026 
amu O = 15.9994 amu 


(a) 7.26 MeV (b) 7 MeV 
(c) 10.24 MeV (d) 5.12 MeV 
(IIT Screening 2005) 


The intensity of gamma radiation from a given source 
is Z. On passing through 36 mm of lead it is reduced to 


I 
3" The thickness of lead which reduces the intensity 


I, 
to — is 
2 
(a) 6mm (b) 9mm 
(c) 18mm (d) 12mm 
(AIEEE 2005) 


i 
Starting with a sample of pure ®Cu, A of it decays into 


Zn in 15 minutes the corresponding half life is 
(a) 10 min (b) 15 min 
(c) 5 min (d) 7%min 
(AIEEE 2005) 


27 
The radius of ia is 3.6 Fermi. Find the radius of 


125 
3 Te nucleus. 


(a) 6 Fermi (b) 8 Fermi 
(c) 4 Fermi (d) 5 Fermi 
(AIEEE 2005) 


A. It is not possible to use *Cl as the fuel for fusion 
energy 


R. The binding energy *Cl is too small 
(AIIMS 2005) 


(a) Both A and R are correct and R is correct 
explanation of A. 

(b) Aand Rare correct but R is not correct explanation 
of A. 

(c) A is true but R is false. 

(d) bothA & R are false. 


222 210 

86 A> g4 B in this reaction how many a and £ 
emissions have occurred 

(a) 6a, 36 (b) 3a, 4B 

(c) 4a, 3B (d) 3a, 68 


(BHU 2005) 
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61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


The phenomenon of radioactivity 

(a) is an exothermic change which increases or 
decreases with temperature. 

(b) increases on applied pressure. 

(c) is anuclear process does not depend upon external 
factors. 

(d) none of these. 


Mean life of a radioactive sample is 100 s. Find its half 
life in minutes. 


(a) 0.693 (b) 1 
(c) 10% (d) 1.155 
(CET Karnataka 2005) 


Consider two nuclei of same radioactive nuclide. One 
of the nuclei was created in a supernova explosion 5 
billion years ago. The other was created in a nuclear 
reactor 5 minutes ago. The probability of decay during 
the next time is 

(a) different of each nuclei. 

(b) nuclei created in explosion decays first. 

(c) nuclei created in the reactor decays first. 

(d) independent of time of creation. 


Protons are placed in a magnetic field in the Z-direction 
(magnitude = 2.3 T). The energy difference between 
a state with Z component of proton spin angular 
momentum parallel to the field and antiparallel to the 
field is. 

(a) 4.05 x 10’eV (b) 4.05 x 107 eV 

(c) 2.025 x 10’ eV (d) 2.025 x 107 eV 


The hyperfine lines in the spectrum is related to 
(a) Zeeman effect. (b) Stark effect. 
(c) Lande’s splitting. (d) nuclear magnetic spin. 


62.. 
Find the binding energy of 28 Ni. Given m,, = 1.008 


62 


M= 61.9238 u 


u,m, = 1.0087 u, 28 


(a) 545.3 MeV 
(c) 645.3 MeV 


(b) 595.3 MeV 
(d) 695.3 MeV 


Co . ° ° ° 
97 willemit radiation. 
(a) B (b) p+ 
(c) a (d) electron capture 


>'Co decays by electron capture. Its half life is 272 days. 
Find the activity left after a year if present activity is 2 
u Ci. 

(a) 0.788 u Ci 
(c) 0.39 u Ci 


During a diagnostic X-ray examination a 1.2 kg 
portion of the broken leg receives an equivalent dose of 
0.4 m Sv. Find the absorbed dose in m Gy and number 
of X-ray photons received if energy of X-ray is 50 KeV. 
(a) 0.4 m Gy, 3 x 10" (b) 0.32 m Gy, 3 x 10!° 
(c) 0.4 m Gy, 6 x 10!° (d) 0.32 m Gy, 3 x 10" 


(b) 0.431 u Ci 
(d) none of these 


70. 
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74. 
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76. 
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7 
When ; Li (M,,=7.016004u) is bombarded by a proton 


two a-particles result (WHe = 4.00260 3u). Find the 
reaction energy. 
(a) 13.35 MeV 
(c) 16.08 MeV 


235 


What mass of 99 


to provide 3000 MsW of power each day? 
(a) 3.2 g (b) 320 g 
(c) 3.2 kg (d) 32 kg 


(b) 14.85 MeV 
(d) 17.35 MeV 


U has to undergo fission each day 


A bone fragment found in a cave contains 0.21 times as 


14 


much 6 


organism containing bone died. Find the approximate 
age of fragment f, of *C = 5730 years. 

(a) 1.15 x 10* y (b) 1.3 x 10*y 

(c) 1.24 x 10* y (d) 1.4 x 10* y 


C as an equal amount of carbon in air when the 


Two Nucleons are at a separation of 1 fermi. Proton 
have a charge 1.6 x 10°!’ C, the nuclear force between 
them is F, both are neutrons, F, if both are protons, 
F if one neutron and one proton then 

(a) F =F, >F, (b) F =F, =F, 

Q < F< F, (d) F >F, >F, 


In which, of the following decays the atomic number 
increases? 

(a) a (b) $+ 

(c) & (d) y 


As the mass number A varies which of the quantity 
related to nucleus does not change 

(a) mass (b) volume 

(c) binding energy (d) density 


For the nuclie with mass number > 100 

(a) binding energy of the nucleus decreases on an 
average as A increases. 

(b) binding energy of the nucleus increases on an 
average as A increases. 

(c) The two nuclei fuse to form a bigger nuclide 
releasing energy. 

(d) The nucleus essentially breaks up into two nuclides 
of equal mass releasing energy. 


The half life of Ra is 1602 year. Calculate the 
activity of 0.1 g of Ra Cl, assuming all the Ra atoms are 
Ra and mass of Cl atom is 35.5 g/mol. 

(a) 1.8 x 108 dps (b) 2.8 x 108 dps 

(c) 1.8 x 10° dps (d) 2.8 x 10° dps 

A radioactive sample decays in two modes. In one mode 


its half life is t and in the other mode its half life is t,. 
Find the overall half life. 


t+t 
(a) t+, (b) -—— 
2 

Ul, iit, 

) p+, d ir 
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80. 


81. 
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11. 


12. 


13. 


0 
Mg+ @+y 
+ 


25 25 
Ay 


13 12 
m, = 24.990423 u; My, 


= 24.485839 u. Find the Q value of reaction. 
(a) 3.3 MeV (b) 1.3 MeV 
(c) 2.3 MeV (d) 5.3 MeV 


Consider 


3 
A vessel of 125 cc contains if (ty = 12.3 y) at 500 
2 


kPa and 300 K. Find the activity of the gas. 
(a) .754 Ci (b) 7.24 Ci 
(c) 72.4 Ci (d) 724 Ci 


Consider fusion of He plasma. At what temperature 
fusion at a distance 2 fm is possible? 

(a) 2.23 x 10° K (b) 22.3 x 10° K 

(c) 2.23 x 108 K (d) none of these 


EXPLANATIONS 


(a) KE =-BE. 

(b) EL- E, = E,- E, +E,- E, (From fig). 
he he he l l l 

a = a. +a ao =; +a 

A, A A, Ay Aa A, 


(b) PE=2 BE 
r=nwr “rear 
1.5x10°n° 
(b) T = Tya n = 4 and n, =2 
(d) 
(b) Nucleur force binds protons and neutrons. 


h h 
(d) = P = /2m(KE).: B&W energy should be 4 times 
and hence energy to be added is thrice the initial energy. 


(c) HI (I shows absorption). 


1240 _1240_,, 
y oo Am 


(c)A= 


1240 
E =—— = 54.38 
(a) E (eV) 398 


2 


using E=— z = > Z=2 
i A — xar? 
(eee 
L myr myr 2m 
-23 
a mobis x — xz 
Z 2 16x10 


= 13.6 or T = 1.05 x105 K 


82. 


83. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22; 


TXEN 


Calculate the energy which can be obtained from 
2 2 
H4 H5 


l kg of H,O through the fusion reaction | | 


ta + p. Assume 1.5 x 10° % of the water contains 


deuterium. The whole deuterium is consumed in the 
fusion reaction. 
(a) 2820 J 

(c) 2820 x 10°J 


(b) 2820 x 10*J 
(d) 2820 x 10°J 


A human body excretes certain material by a law similar 
to radioactivity. The body excretes half the amount 
injected in 24 h. Find the time in which activity falls 
to 3 u Ci. If a person is injected technitium (t,,, = 6h) 
and its activity just after the injection is 6 u Ci. 


(a) 4.8h (b) 6h 
(c) 6.3h (d) none of these 
ake-*% _ ar (72-136) eV 
A 50 
=~ Lae V 
(d) H, line has wavelength 
1240 


A =—— = 486.1 nm 
2.55 


Apply eV, = hf- ọ 
= 2.55 - 2.0 = 0.55 eV 
V= 0.55 V 


(a) The maximum energy of photon emitted in Balmar 
series is 3.4 eV. 


Angular momentum L = n > 3h 
-1.51 eV corresponds to n = 3 


(b) 


2 ° 
au = PIE = 0.18 AP => Z=3, 


1240 
d) E (ev) =——-= 1.44 eV 
(d) E (ev) 360 


E =-6.52+ 1.44 =- 5.08 eV 


(a) A -2 248 nm; 
3x10" 
Jenoa 
248x10 
= 1.21 x 10” Hz 


(b)r =n'r, 


2 
1 


2 
<. log E Jasains: log (n) has slope = 4. 
Tr, 
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23. 


24. 


25. 


26. 


27. 


28. 


29. 


or 


_h _6.625x10™ 


a = SSF 
(8) P= = 563x102 
= 1.01 x 10°’ kg ms”. 
1240 
Pj A 
(a) E (ev) = T25 


E =-13.6 + 12.1 
= —1.5 eV i.e., transition is from n = 3 ton = | 


(a) Unless energy = 10.2 eV electron from ground state 
of Hydrogen cannot be excited. 


Aiming parameter = impact parameter 
Ze’ cot 2 

_ 2 

— 47€,( KE) 


79 x1.6x107 x1.6x107? x V3 x9 x10° 


1.6x10°° 
= 2.07 x 10! m. 


2 


2 
ormv =Ņ Krm and mvr = nh. 


h 
- rVKr°m =nhor rf n 


A T 2 
dr 


ez) 


men KPa k| 
BE=KE+PE 


MAON 


r=" From Bohr’s theory 
eB 


nh 
mvr=nhormv=—. 
r 


nh nh nh nh 
Thus r=—— orr =,/—— and v =— = 
reB eB mr 


For minimum speed n= 1. Thus v_. = 


m 
mvr = 2 nh 
2nh 
or my = — 
r 
, mv (nh? 
mv‘ = = - 
n mr 
Ze’ mv? 
4nme,r° r 
Ze*  (2nħh? 


4rer? 7 mr’ (r) 


or 


30. 


31. 


32; 


33. 


34. 


35. 


36. 


37. 
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Z (2nh) 47E, 


2 
mZe 


2 4 
-Zem 


~ 87e,(2nh)* 4E, 


~Ze’ 
BE=KE+ PE= Srp 
~Z*e*m 


~ 32e,n7h? 


BE= 


z eV for Hydrogen. To find longest wavelength 


2 
n 


it 
hv = 3.4 r 


= 34x = 2.55 
4 


A (nm) oie 484 nm 
2.55 


In Bohr, mass of proton was assumed infinite and the 


4 
me 


relation for binding energy is E, = g en he 
In the new system (positrinium atom) masses are equal. 
Therefore, we use reduced mass 

mm, m 


m = = 
reduced m; + m, m, 


me’ 
Hence, E, = es l6n’h? . 


(d) 4 „= 2D, 10° = .124 nm = 1.24 A° 


(c) Wavelength of scattered photon increases and hence, 
frequency decreases. 


(a) 

1240x107 
9 
(©) Amin = Te 93 


AA = 2.4 x 10° (1 — cos @) 
=2.4~x 10-7 (1 -.7) 


= 68.8 x 10? m 


=.72x 10m 
Amin = (68.8 + .72) x 10-2 m = 69.52 x 10-2 m 
8 
Cte = = 4.23 x 10:8 Hz 
A .0709x10 


From Moseley’s law Z= 1 to or 
pai 4.23 x10" oye 
=! + o48x108 TA 


Z = 42 corresponds to Mo. 
(a) (Z - 1)?A = const. 

. 10?A=(z-1) 4A or 
z-1l=5 or 


z=6 
(a) 
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38. 
39. 


40. 
41. 
42. 


43. 


44. 


45. 


Or 


46. 


or 


47. 


48. 


49. 


50. 


51. 


(a) 
52. 
(b)A_ of A<A_. of B 
< V > V3 AK, < AK, 
k Z; > Z, 
(d) 
(c) 
(c) 
I 
(b) number of electrons/s =— and no. of photons/s = 
e 
I 
100e 
E 107° 
~ 1.6x10™° x100 
= 6.25 x 10! 53. 
1240x10° da d 
ie eg ee 54. 
V A V 
55. 
he he he 
(a) =- + 
Ax Ax, A, 
ae 56. 
Ax, Ax, A, 
t 8 -1 
21.3 141 19 
(d) J= Le~” 57. 
I/I 2 
v= log, [ 2 |= 2.303281 
a 4 
= 11.6mm 
AD AD 
b) B =—— ord=— 
(b) B F B 59, 
| -14 4 60. 
-10 x44 NIN 
1x10 
; 1240 x10” 
1 7(40) x10° ~ Teapa, 61. 
1240 x10” 
=- ——— = 62. 
2="91(40) x10? 7 148 Pm 
1240 x10° 
3 = es = 4993 pm. 
.063 x 40 x 10 
63. 
rz eV, Slope = +4 “© 
a, «© 64. 
A 


P ~40x5x—-=2W 
100 


X-ray 


P _ =200-2= 198 W 


heat 


18.21 | 


f=—=2.48 x 10" (Z- 1} 
A 
Z=] c 
= | +., 
Ax 2.48 x10 
eae 
= |+ = C., 
78.9x10°?x2.48x10% S Lee AT 
Z=1 O 30.1. ie. Z 
=F Paolo m eean 
Z=1 -nN 29, i.e., C 
= FN I58x2.48x10° 77 tee 
TETA, E- E 
= |+ = &., 
198x2.48xl02 7 48 
(b) Q=(M, -M,) C2=atb-c 


(d) 

(c) E = A mc? 

= [4 x 4.0026 — 15.9994] 931.5 = 10.24 MeV. 
a 36 3 3 

ee 
NF 2 e” 2 en 
8 


(ey ae" > c= 12 


l l 
c) Sample left = — = — 
(c) p gp 


n = 3 i.e. 3 half lines have passed 
3t,= 15 ort, =5 min. 


s 
a) AA R (12 


y 
kaiz Epe =| — 6=6F i. 
R, AB i 37 ) x 3.6 = 6 Fermi 


(c) 


(b) Since the mass number has decreased by 12 ~». 
3a emissions have occurred. The charge number will 
decrease by 6 with 3a emission. 42 emission will make 
charge 84 units. 


(c) 
(d)t = a 100 s 
av A 
t= a = 69.35 
A 
(d) It depends only on the number of nuclei present at 


that time. 
(b) U = ISB 


eV 
= —2.7928 x (2.3 T) x 3.152 x 10° Z) 


= —2.025 x 107 eV (When B and |S, are parallel. 
U, = +2.025 x 10” eV when B and IS_l are antiparallel. 
~. AU = U, - U = 4.05 x 107” eV 
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65. 
66. 


67. 


68. 


69. 


70. 


71. 


72. 


(d) 
(a) E, = (28 m, + 34 m, — 61.9238) 931.5 
= 545.3 MeV 


57 


Fe | The mass Fe ig 


57 
Co 
(d) 77 decays to 26 26 


57 
0.000897v less than Co makes it suitable for 


21 
electron capture. 


0.693 
í 

1 
K s 7.4x 10° 
~ 2.95x10% 


(a)A= =2.95x 10% s7! 


N = = 2.51 x 10" nuclei. 


i A 


2.95x107° x3.156x107 


N =N, e” =2.51 x 10? ê 
= 0.394 (2.51 x 10'3. 
Activity = N(t) = .394 (2.5 x10!”) x 2.95 x 10° 
= 0.788 u Ci 

dt dt 
= (2u Ci) Caa ee 


= 2 (.394) = 0.788 u Ci. 


Alternative method 


beached 0.4mSv 
(c) X-ray RBE = 1 ~. absorbe ose = TSv/GN 


D = 0.4 m Gy. 

Total energy absorbed = 0.4 x 10° x 1.2 

= 4.8 x 10#J = 3 x 10% eV 

Number of photons of X-ray absorbed 

3x10" 
50 x10° 


(d) 

Q = [7.016004 + 1.007825 — 2 (4.002603)] x 931.5 

= 018623 x 931.5 = 17.35 MeV 

(c) 1 fission or 235 u gives 200 MeV. 

m x 200 x1.6 x10"? 
235x1.66x10” 

= 10° x 3000 x 86400 or m = 3.2 kg 


=6 x 10”. 


Mass of uranium = 


0S3. 1209x 10y- 


2.303log —— 
—— 0.21 


À 


or t= 


73. 


74. 


75. 
76. 
77. 


78. 


79. 


80. 


81. 


82. 


83. 
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_ 2.303(.6794) 
~ 1,209x107 


_ 1.56410" 


=13y 10%, 
1.2 á 


(b) Nuclear force is independent of charge. 
A 0 


Y e 
zál “ai 


A 
() 7* > 
(d) 
(a) See Binding Energy Curve. 


(d) Number of *?°Ra atoms present 
os x 6.02 x 107%. 
297 
.693 
602. x 3.156 x10’ 
= 2.8 x 10? dps 


x “2 6.02 x 10” 


Activity = AN = 
297 


l 1 1l 
(c) À =A +4, or —= >+. 
ff 1 p 7 t, t, 


(a) Q = [24.990432u — 24.985839u — 2m Jc? 
= .004593 (931.5) — 1.102 = 3.3 MeV 


PV 
(d) PV=n RT or number of moles n = T 


_ 500x10° x125x10° 
p 8.31x 300 
0.693 x25 x10” x6.02x 10” 


= 25x 10° 


ActivityA=AN= = 724 


3 (2e)° 


(b) 7 kT= 4ne,r 


_8x(1.6x107")? x9 x10" 
3x1.38x10 x2x10" 
=2.23x 10 K 


(c) D,O= 1 x 1.5 x 104kg =0.15 g 


2 | 23x 1073 
Number of (Hao OR aa i 


Q = (2 x 2.014102 — 3.016049 — 1.008) 931.5 x 4.5 x 
10% x 1.6 x 10° J 
= 0.004155 x 931.5 x 7.2 x 10° = 2820 MJ 


1 1 1 
-= + 
(a) t t, f, 


=4.5 x 10” 


or 
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PRACTICE EXERCISE 2 
(SOLVED) 


1. The ratio of the maximum wavelength of the Lymen series 
in hydrogen spectrum to the maximum wavelength in the 
Paschen series is 


3 6 
(a) 105 (b) 15 
52 7 
— d) —— 
(c) 7 (d) T 
t-i 
Solution -2 16/7 _ 7 
A, -7 108 
1 4 
(d) 


2. Transition from state n = 4 to n=3 ina hydrogen like atom 
results in ultraviolet radiation. Infrared radiations will be 
obtained in the transition. 


(a) 21 (b) 32 
(c) 452 (d 54 
Solution Infrared radiations have lower energy than ultraviolet 
radiations 
(d) 


3. In the Bohr model of the hydrogen atom, let R, v and E 
represent radius of the orbit, speed of electron and total 
energy of the electron respectively. Which of the following 
quantity is proportional to the quantum number n? 


(a) RIE (b) Em 
(c) RE (d) vR 
Solution (d) 


4. An orbital electron in the ground state of hydrogen has 
an angular momentum La and an orbital electron in the 
first orbit in the ground state of lithium has an angular 
momentum L, 


(a) L =L, (b) L.=3L, 
(c) L,=3L, (d) L,=9L, 
Solution (a) 


5. The probability of a radioactive atom to survive 5 times 
longer than its half life period is 


(a) 2/5 (b) 2x5 
(c) 2° (d) 2 


Solution Expected number of parents that survives for time t 
: -Àt 
is N = Ne 


N 
The probability of survival for a nucleon is — =e“ 


0 


For t=5T, = Te 
A A 
N 
No 
(c) 


1823] 


6. A freshly prepared radioactive source half life 2hr emits 
radiation of intensity which is 64 times the permissible safe 
level. The minimum time after which it would be possible to 
work safely with this source is 


(a) 6 hr (b) 12 hr 
(c) 42 hr (d) 128 hr 
t/T t/T 6 t/T 
N 2 64 \2 2 2 
or JG 
T 


t=6T or t=6x2=12 
(b) 


7. If the binding energy per nucleon in ‘Li and *He nuclei 
are 5.60 MeV and 7.06 MeV, then energy of the reaction 


"Lit' H—>2} He is 


(a) 19.6 MeV (b) 2.4 MeV 
(c) 8.4 MeV (d) 17.3 MeV 
Solution d) 


8- The longest wavelength that a single ionized helium atom in 
its ground state will absorb is 


(a) 912A (b) 304A 
(d) 4.3 eV (d) 3.4V 


Solution AC SAE 


12 


max 


2 


AE =(13.6) (4) roa x1.6 x10” J 


= (13.6) (4) (pasao 


__ 198 g 
(13.6) (4.8) 


= 0.304 x 107 m 
=304A 
(b) 


9. Magnetic moment due to the motion of the electron in n™ 
energy state of hydrogen atom is proportional to 


(a) n (b) n° 
(c) wv (d) n? 


Solution uw=iA=izr’ 


> 1 
where 1a — 
n 


2 
ran 


(a) 
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10. The shortest wavelength of the Brackett series of a hydrogen 
like atom (atomic number = z) is the same as the shortest 
wavelength of the Balmer series of hydrogen atom. The 
value of z is 


(a) 2 (b) 3 
(c) 4 (d) 6 
Solution relh- 
4 a 2° © 
G=2 
(a) 


11. The wavelength of K, line from an element of atomic 
number 41 is A. Then the wavelength of K, line of an 
element of atomic number 21 is 


(a) 4A (b) A/4 
(c) 3.082 (d) 0.26A 
i hy 
Solution t=- 4-3) oer cn 
A mn Nn, A, (zi -b) 
z= 41, z, =21 
A=4A 
(a) 
12. In the equation; {7 Al+>3He—> }P+X . The correct symbol 
for X is 
(a) ĉie (b) 'H 
(c) >He (d) in 
Solution (b) 


13. Energy levels A, B, C of a certain atom correspond to 
increasing values of energy, i.e. E,<E,<E., . If Ay Àn» Àz are 
the wavelengths of radiation corresponding to the transitions 
C—>B, B >A and C—>A respectively, then 


(a) A =A +A, 
(c) A = A +A 


A 
D PN 


(d) none of these 


Solution E, = E +E, = & spe 
A A A 


N 


(b) 


14. Two radioactive materials X, and X, have decay constant 10 
À and à respectively. If initially they have same number of 
nuclei, then ratio of number of nuclei X, and X, will be 1/e 
after a time 


(a) 1/7102 (b) 1/114 
(c) 11/10 À (d) 1/9) 
, Ng 
Solution Using ———=-—. We get e=e“/e' ie., 
N e` e 


0 


9At 
e=e 


(d) 


15. X-rays are produced in an X-ray tube operating at a given 
accelerating voltage. The wavelength of the continuous 
X-rays has value from 
(a) 0 to œ 
(b) A... to œ where A. >0 


ie. 9At=1 or PEER 
9A 
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(c) 0 to A. where À „<œ 
(d) data insufficient 


Solution 4 -1275 


, Aan #0 it is a continuous spectrum 
v 


(b) 


16. The first member of Balmer series of H-atom has a wavelength 
6561A. The wavelength of second member will be 


(a) 6860 A (b) 5860 A 
(c) 4860 A (d) 3860 A 
Solution r-i] .. (i) 
6561 4 9 


1 1 1 i 
Zer -Z ... (il) 
From (i) and (ii) à = 4860 A 

(c) 


17. Which of the following curves may represent the speed 
of electron in a hydrogen atom as a function of principal 
quantum number n? 


(a)A (b)B 
(c) C (d) D 
Solution As v a hence the graph between v and n will be 
hyperbolic 
(c) 


18. A radioactive nucleus is being produced at a constant rate 
a per second. Its decay constant is A. If N, are the number 
of nuclei at time t = 0, then maximum number of nuclei 
possible are 


a a 

ad b) N. +2 

(a) 7 (b) ots 

(c) N, (d) ALN, 
a 


Solution Maximum number of nuclei will be present when rate 
of decay = rate of formation 


We- 
A 
(d) 
19. The momentum of an X-ray photon of wavelength 0.10 nm 
will be 


(a) 6.62 x 10% kg-m/s 
(c) 3.31 x 10% kg-m/s 


(b) 3.31 x 10” kg-m/s 
(d) 6.62 x 10” kg-m/s 
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solution 7=0.1 nm, pa =6.62x10” kg.m/sec 
A 
(d) 


20. The half life of ''I is 8 days. Given a sample of '*'I at time 
t = 0, we can assert that 


(a) no nucleus will decay before t = 4 days 
(b) no nucleus will decay before t = 8 days 
t= 16 days 


(d) a given nucleus may decay at any time after t = 0 


(c) all nuclei will decay before 


Solution (d) 


21. Let T be the mean life of a radioactive sample 75% of the 
active nuclei present in the sample initially will decay in 


time 
(a) 2T (b) =(In2)r 
(c) 4T (d) 2n 2) T 


Solution When 75% decays, 25% is left undecayed. 


This requires a time f= 2T „ where T „ = half-life = -T 


Also, T = 1 
À 


22. A nucleus with mass number 220 initially at rest emits 
an &-particle. If the Q-value of the reaction is 5.5 MeV, 
calculate the KE of o-particle 


(a) 4.4 MeV (b) 5.4 MeV 
(c) 5.6 MeV (d) 6.5 MeV 
Solution K, _ "ua as = > K = "i F Xo 
Pa Pa a 
K, m, m,+m, 
(220 - 4) 
= +—— x 5.5 MeV = 5.4 MeV 
220 
(b) 


23. The activity of a radioactive substance is R, at time ¢, and R, 
at time t, (> t). Its decay constant is X. Then 


(a) Rt = Rt, (b) R,=R, eX" 


R-R 
—! > = constant 


2 A 


(d) R =R, t 


Solution Let R, be the initial activity. Then R, = R, e™" and 


= -At 
R, = R, e 
R F : 
22 = ght ty) or R,=Re* ty) 
R 
(b) 


24. The half-life of radioactive radon is 3.8 days. The time at 
the end of which (1/20)th of the radon sample will remain 
undecayed is (given log „€ = 0.4343) 


(a) 13.8 days (b) 16.5 days 


(c) 33 days (d) 76 days 
N, 2 20 

So 19>t> 15.2 

" (b) 


18.25 


25. The ratio of the speed of the electrons in the ground state of 
hydrogen to the speed of light in vacuum is 


2 

a) — hy 

2 a 231 

1 1 

c) — ay ee 

i 237 9) 137 
' 1 
Solution poe, z=l,n=1, v=— 
137 n 137 


(d) 


26. The first member of Balmer series of H-atom has a wave- 
length 6561A . The wavelength of second member will be 


(a) 6860 A (b) 5860 A 
(c) 4860 A (d) 3860 A 
Solution | -= i- ... (i) 
6561 4 9 


=R 

1 1 1 
— = R| —-— we (ii 
rae ed 6 

From (i) and (ii) 1=4860 A 

 (c) 

27. In which of the following transitions will the wavelength be 

minimum in the case of hydrogen atom? 

(a) n=Ston=4 (b) n=4ton=3 

(c) Yee 3 ton = 2 (d) n=2ton=1 


Solution The energy gape from n = 2 to n = 1 is maximum and 
hence wavelength is minimum 


(d) 


28. The X-rays coming from an X-ray tube will be 

(a) monochromatic 

(b) having all wavelength smaller than a certain minimum 
wavelength 

(c) having all wavelength greater than a certain minimum 
wavelength 

(d)having all wavelength between certain minimum and 

maximum wavelengths 


solution (c) 


29. Given that mass of proton = 1.00813 anu, mass of neutron 
is 1.00894 amu and mass of a-particle is 4.00388 amu, the 
binding energy of alpha particle is 
(a) 28.172 MeV (b) 27.172 MeV 
(c) 13.52 MeV (d) 56.321 MeV 


Solution Am= (1.00813 + 1.00894) x 2 - 4.00388 


Am = 0.03026, Am = Amx931 MeV = 28.172 MeV 
(a) 
30. Nuclear radius of ,0"° is 3 fermi. The nuclear radius of 
fb” is 
(a) 5.02 fermi 
(c) 7.02 fermi 


(b) 6.02 fermi 
(d) 8.02 fermi 


1 1 
, 3 3 3 
Solution 2.4 R, =n) “| -3 23}, R, = 7.02 


1 A? 
(c) 
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31. Ina given nuclear reaction 2He4 + Z X A *%— Z+2Y A +3 
+ K, Kis 
(a) electron (b) positron 

(c) proton (d) neutron 


1 


Solution 2 Het +, X*—oz.2Y*" +n 


(d) 

32. What percentage of a radioactive substance is left after 5 

half-lives 

(a) 31% (b) 3.12% 

(c) 0.3% (d) 1% 

5 
Solution Nen (2) : aa, 40 8 12% 
2 N, 32 N, 32 


(b) 


33. Which of the following curves may represent the speed 
of electron in a hydrogen atom as a function of principal 
quantum number n? 
(a) A 
(c) C 


(b) B 
(d) D 


Solution As va È hence the graph between v and n will be 
n 


hyperbolic 
© © 


— + 
n 


34. The radius of the shortest orbit in a one electron system is 18 


pm. It may be 
(a) hydrogen (b) deuterium 
(c) Het (d) Litt 
n? 0 -10 
Solution As r=053-A, forn=1, r= e = 3 
Z £ 
(Li**) 
(d) 
35. The momentum of an X-ray photon of wavelength 0.10 nm 
will be 


(a) 6.62 x 10 kg-m/s 
(c) 3.31 x 10 kg-m/s 


(b) 3.31 x 10%” kg-m/s 
(d) 6.62 x 10” kg-m/s 


solution 1=0.1 nm, p == =6.62x10™ kg.m/sec 


(d) 
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36. The wave number of energy emitted when electron comes 
from fourth to second orbit in hydrogen is 20397 cm:'. The 
wave number of energy for same transition in helium is 


(a) 5099 cm! (b) 20497 cm"! 
(C) 40994 cm"! (D) 81588 cm" 
Solution be r|-4| 20397 = |---| .. (i) 
N, ny n, 
1 1 
—=Rx2?| <-> eee (il 
A 3 n, | E 


From (i) and (ii) and — = 81588 cm“! 
(d) 


37. The initial nucleus of uranium series is ,,U*** and the final 
nucleus is „Pb. When uranium decays to lead, how many 
a and f particles are produced? 


(a) 6 and 8 (b) 8 and 6 
(c) 4and 3 (d) 3 and 4 


Solution The mass number decreases by 32 hence 8 a particles 
are produced and 6 ß particles. 


238 206 4 0 
U~ —> Pb” +8,He +6,2 
(b) 
38. At any instant, the ratio of amount of radioactive substances 


is 2: 1. If their half-lives be respectively 12 and 16 hours, 
then after two days, what will be the ratio of substances? 


(a) 1:1 (b) 2:1 
(c) 122 (d) 1;4 


Solution N, = Nal 5] > N= Wal 5} 


39. The binding energy per nucleon of deutron and helium atom 
is 1.1 MeV and 7 MeV respectively. If two deutron atoms 
react to form a single helium, then the energy released is 
(a) 13.9 MeV (b) 26.9 MeV 


(c) 23.6 MeV (d) 19.2 MeV 
Solution H? + HB? —> He 
2.2MeV + 2.2 MeV 28 MeV 
AH = 28- 4.4 = 23.6 MeV 
= (c) 
40. Assuming that four protons combine to form helium atom 
and two positrons each of mass 0.000549 amu. Calculate 


the energy released. Given mass of H' = 1.007825 amu and 
mass of ,He* = 4.0026 amu 


(a) 12.2 MeV (b) 25.7 MeV 
(c) 24 MeV (d) 40 MeV 

Solution 4 H' —> Het + 2B 
4x1.007825 4.0026 2x0.000549 
AH =| (4x1.007825 — 4.0026 + 2 x 0.000549) |931 
AH = 25.7 MeV 


(b) 
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In a star, three alpha particles join in succession to form ,C” 
nucleus. How much energy is evolved in this reaction? Take 
mass ,C'* = 12 amu and that of alpha particle = 4.002603 
amu 

(a) 15 MeV 


(c) 7.27 MeV 


(b) 18 MeV 
(d) 2.917 MeV 


PRACTICE EXERCISE 3 
(UNSOLVED) 


An electron with kinetic energy 5 eV is incident on a 
hydrogen atom in its ground state. The collision 

(a) must be elastic 

(b) may be partially elastic 

(c) must be completely inelastic 

(d) may be completely inelastic 


Ionization energy of a hydrogen-like ion A is greater 
than that of another hydrogen-like ion B. Let r, u, E and 
L represent the radius of the orbit, speed of the electron, 
energy of the atom and orbital angular momentum of 
the electron respectively. In ground state 

(a) r,>r, (b) u,>u, 

(c) E > E; (d) L,>L, 


When a hydrogen atom emits a photon of energy 12.1 
eV, its orbital angular momentum changes by 
(a) 1.05 x 10 Js (b) 2.11 x 10 Js 
(c) 3.16 x 10 Js (d) 4.22 x 10 Js 


Let f, be the frequency of the series limit ofthe Lyman 
series, f, be the frequency of the first line of the Lyman 
series, and f, be the frequency of the series limit of the 
Balmer series. 


(a) Tl =f; (b) LN =f) 
OM? =F, +f) 0) f +f =S, 


An electron with kinetic energy = E eV collides with a 
hydrogen atom in the ground state. The collision will 
be elastic 

(a) for all values of E 

(b) for E< 10.2 eV 

(c) for E< 13.6 eV 

(d) only for E < 3.4 eV 


When a hydrogen atom emits a photon in going from 
m = 5 to n = |, its recoil speed is almost 

(a) 10% m/s (b) 2x 10? m/s 

(c) 4 m/s (d) 8x 10? m/s 


An electron is in an excited state in a hydrogen like 
atom. It has a total energy of —3.4 eV. The kinetic energy 
of the electron is E and its de Broglie wavelength is /. 
(a) E=6.8eV.1-6.6 x 107° m 
(b) E=3.4eV,A-6.6 x 107° m 
(c) E=3.4eV,4 -6.6 x 10- m 
(d) E=6.8 eV,4 -6.6 x 10" m 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


Am = 3x 4.002603 — 12 
AH = (3x 4.002603 -12)931 


AH = 7.3 MeV 
= (œ) 


Which of the following subshells is represented by the 
quantum numbers n = 4 and /= 1? 
(a) 4s (b) 4f 
(c) 4d (d) 4p 


A hydrogen atom is in the d-state. The values of m for 
this state are 
(a) -1,0, 1 


(b) —3,-l, 0, L 
(c) 2,1,0 l 


3 
(d) —2, —l, 0, ` 2 


The atomic number of silicon is 14. Its electronic 
configuration in the ground state will be 

(a) ls?, 2s?, 2p®, 3s? , 3p? (b) 1s’, 2s?°, 2p®, 3s!, 3p? 
Rc abs Ws’, 2p8, 3s? (d) 1s’, 2s?, 2p°, 3s* 


Which of the following radiations are not emitted by 
electron transitions in atoms? 

(a) Ultraviolet (b) Infrared radiations 

(c) Visible rays (d) a-rays 


The angular momentum of electron is J. Its magnetic 
moment will be 


mJ ej 
(a) oe (b) Om 

2m emj 
(c) Pa (d) 5 


The ratio of the kinetic energy and the potential energy 
of electron in hydrogen atom will be 
(a) 1:2 (b) -1:2 
(c) 2:1 (d) -2:1 


The energy necessary to remove the electron from 
n = 10 state in hydrogen atom will be 

(a) 1.36 eV (b) 0.0136 eV 

(c) 13.6 eV (d) 0.136 eV 


Which of the following atom pair have the same 
structure? 
(a) He, Ne+ 
(c) N,C 


(b) Li+, Na+ 
(d) B, Li 


The unit of Planck’s constant is equivalent to that of 
(a) energy (b) angular momentum 
(c) velocity (d) force 
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17. 


18. 


19. 


20. 


pare 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


An electron strikes with a H-atom in the ground state. 
The collision will be elastic for kinetic energy of 
electron 

(a) <10.2eV 
(c) <13.6eV 


(b) <3.4 eV only 
(d) any value of KE 


On decreasing principal quantum number n, the values 
of r and v will 

(a) decrease 

(b) increase 

(c) r will increase but v will decrease 

(d) r will decrease but v will increase 


The values of n, and n, for P fund’s series are 
(a) n,=5,n,=6,7 (b) n,=4,n,=5, 6, 7.... 
(c) n,=3,n,=4,5,6.... (d) n,=2,n,= 3,4, 5... 


When an electron jumps from n,th orbit to n,th orbit 
then the formula for energy radiated out is 


(a) E,-E,=hv (b) E,-E,=hv 
E+E, oa 
(c) hy =; (d) hy = E, 


The ionisation energy of second electron in helium 
atom is 

(a) 100eV 
(c) 13.6eV 


(b) 27.2eV 
(d) 54.4eV 


In scattering experiment, by which force the a-particles 
get scattered? 

(a) Nuclear force. 
(c) Both (1) and (2) 


(b) Coulomb force 
(d) Gravitational force 


The possible values of principal quantum number can 
(a) 1,2,3...8 (b) 0, 15.2...8 
(c) only zero (d) none of these 


The possible values of orbital quantum number are 
(a) from 0 to (n- 1) (b) from 0 ton 
(c) from 0 to (n+ 1) (d) all of the above 


The maximum possible values of magnetic orbital 
quantumumber (m,) are 


(a) (21 +1) (b) 21 

(c) (21-1) (d) zero 

The number of neutrons in sodium atom is 
(a) 10 (b) 11 

(c) 13 (d) 12 


The main defect of Bohr atom model is 

(a) mixing of classical and quantum theories 

(b) exclusion of nuclear motion 

(c) failed to explain the fine structure of spectral lines 
(d) none of the above 


The maximum wavelength of Lyman series is— 


l 

(a) a (b) a 
C l 

(c) m (d) Te 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 
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The isonutronic traid of nucleii is 
(a) Ce N“, PY (b) co N“, F? 
(c) Cc aN, A (d) e WN", oF” 


According to Bohr hypothesis, which of the following 
quantities is discrete? 
(a) Momentum 

(c) Potential energy 


(b) Angular velocity 
(d) Angular momentum 


Hydrogen atom does not emit X-rays, because 

(a) its size is very small 

(b) it contains only single electron 

(c) energy levels in it are far apart 

(d) energy levels in it arc very close to each other 


The fine structure of hydrogen spectrum can be 
explained by 

(a) the presence of neutrons in the nucleus 

(b) the finite size of nucleus 

(c) the orbital angular momentum of electrons 

(d) the spin angular momentum of electrons 


The limit of Balmer series is 3646 A. The wavelength 
of first member of this series will be 

(a) 6563 A° (b) 3646 A° 

(c) 7200 A° (d) 1000 A° 


The ratio of minimum wavelengths of Lyman and 
Balmer series will be 
(a) 1.25 

(c) 5 


(b) 0.25 
(d) 10 


An atom absorbs 2eV energy and is excited to next 
energy state. The wavelength of light absorbed 
will be 

(a) 2000 A°. (b) 4000 A°. 

(c) 8000 A®. (d) 6206 A°. 


If E and J are the magnitude of total energy and 
angular momentum of electron in the nth Bohr orbit 
respectively, then— 


(a) Ea J (b) E, œ 


J? 


n 


(c) ExJ (d) E x — 


In the Bohr model of hydrogen atom, the ratio of the 
kinetic energy and total energy of electron in the nth 
quantum/state will be 
(a) | 
(c) 2 


(b) -1 
(d) -12 


How many revolutions does an electron complete in 
one second in the first orbit of hydrogen atom ? 

(a) 6.57 x 10” (b) 6.57 x 10”? 

(c) 1000 (d) 6.57 x 10" 


With the increase in quantum number, the energy 
difference between consecutive energy levels 

(a) remains constant 

(b) decreases 
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41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


(c) increases 
(d) sometimes increases sometimes decreases 


If the radius of first Bohr orbit is r, then the radius of 


second orbit will be 
r 


(a) 2r (b) 5 


(d) V2r 


A hydrogen atom is excited from n = | ton = 3 
state. The amount of energy absorbed by the atom 
will be 

(a) 12.leV 
(c) 13.6eV 


(c) 4r 


(b) 25eV 
(d) -13.6eV 


The ratio of energies of first two excited states of 
hydrogen atom is 


(a) 4 (b) 2 
4 

4 9 

2 d) 2 
(c) 9 (d) 3 


The ratio of speed of electron in ground state of 
hydrogen atom to that of light is 


l l 


(a) 7 (b) 307 
2 l 
(c) Te (d) oor 


The value of wavelength of radiation emitted due to 
transition of electrons from n = 4 to n = 2 state in 
hydrogen atom will be 


5R 16 
In ce 
a 36 0) SR 
36 3R 
(c) a (d) rT 4 


The radius of first Bohr orbit in hydrogen atom is r,, 
then the radius of first orbit in helium atom will be 


(a) 2r, (b) 4r, 
(c) (d) r, 


Which of the following pair is correct? 
(a) Rutherford-X-rays. (b) Roentgen-electron. 
(c) Chadwick-neutron. (d) J-J-Thomson-photon. 


The potential energy between electron and proton is 
given by U = Ke?’/3r’ According to Bohr’s theory, the 
energy in nth orbit of such a hypothetical atom will be 
propotional to 
(a) né. 
(c) n’. 


(b) nî. 
(d) n. 


An electron in H-atom makes a transition from n = 3 
to n = 1. The recoil momentum of H-atom will be 

(a) 6.45 x 107 N/m 

(b) 6.8 x 10-7 N/m 

(c) 6.45 x 10% N/m 

(d) 6.8 x 10” N/m 


49. 


50. 


51. 


52. 


53. 


54. 


39. 


56. 


57. 


58. 


TEJ 


In the above problem the recoil energy of H-atom will 
be 

(a) 8.6 x 10 eV 
(c) 7.78 x 10° eV 


(b) 8.6 x 10% eV 
(d) 7.78 x 10% eV 


The ratio of radii of first orbit of hydrogen atom 
and the second orbit of singly ionised helium atom 
will be 

(a) 1:2 
(c) 1:4 


(b) 4:1 
(d) 8:1 


Two electrons in an atom are moving in orbits of radii 
R and 9R respectively. The ratio of their frequencies 
will be 
(a) 1:8 
(c) 1:27 


(b) 8:1 
(d) 27:1 


The angular momentum of electron in hydrogen atom 
is proportional to 


(a) vr (b) - 


l 
(c) r (d) ap 


An electron revolves round a nucleus of charge +Ze. 
If the energy required to excite the electron from 
second to third Bohr orbit is 47.2eV, then the value of 
Z will be 
(a) 5 
(c) 3 


(b) 4 
(d) 1 


An electron is confined in the region of width | A. 
Estimate its KE 
(a) 3.4eV 

(c) 13.6eV 


(b) 3.8eV 
(d) 10.2 eV 


Na atom remains in lowest excited state energy for a 
time 1.6 x 10® s before it makes a transition to a ground 
state emitting a photon of wavelength 589 nm. The 
wave length spread corresponding to this line will be 
(a) 10*nm (b) 10° nm 
(c) 10% nm (d) 10° nm 


If the potential difference applied to the tube is doubled 
and the separation between the filament and the target 
is also doubled the cut off wavelength 

(a) will remain uncharged 

(b) will be doubled 

(c) will be halved 

(d) will become four times the original 


If the current in the circuit for heating the filament is 
increased, the cutoff wavelength 

(a) will increase 

(b) will decrease 

(c) will remain unchanged 

(d) will change 


Frequencies of K, X-rays of different materials are 
measured. Which one of the graphs in figure may 
represent the relation between the frequency f and the 
atomic numbe Z. 
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60. 


61. 
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The X-ray beam coming from an X-ray tube 

(a) is monochromatic 

(b) has all wavelengths smaller than a certain 
maximum wavelength 

(c) has all wavelengths greater than a certain minimum 
wavelength 

(d) has all wavelengths lying between minimum and 
a maximum wavelength 


Figure shows the intensity-wavelength relations of 
X-rays coming from two different Coolidge tubes. 
The solid curve represents the relation for the tube A 
in which the potential difference between the target and 
the filament is V, and the atomic number of the target 
material is Z,. These quantities are V, and Z, for the 
other tube. Then 


(a) V,>V,,Z,>Z, (b) V,>V,,Z,<Z, 


B’ A B’? A 
(e) V, < V, Z, >Z, (d) V, < V, Z, <Z, 


Intensity 


Wavelength 


50% of the X-ray comingfrom a Coolidge tube is able 
to pass through a 0.1 mm thick aluminium foil. If the 
potential difference between the target and the filament 
is increased, the fraction of the X-ray passing through 
the same foil will be 
(a) 0% 

(c) 50% 


(b) <50% 
(d) >50% 


Cut off wavelength of X-rays coming from a Coolidge 
tube depends on the 

(a) target material 

(b) accelerating voltage 

(c) separation between the target and the filament 
(d) temperature of the filament 


X-ray from a coolidge tube is incident on a thin 
aluminium foil. The intensity of the X-ray transmitted 
by the foil is found to be Z The heating current is 
increased so as to increase the temperature of the 
filament. The intensity of the X-ray transmitted by the 
foil will be 
(a) zero 
(c) J, 


(b) <5 
(d) >I, 


64. 


65. 


66. 


67. 


68. 


69. 


70. 
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Visible light passing through a circular hole forms a 
diffraction disc of radius 0.1 mm on a screen. If X-ray 
is passed through the same set up, the radius of the 
diffraction disc will be 
(a) zero 

(c) 0.1 mm 


(b) < 0.1 mm 
(d) >0.1 mm 


Moseley’s law for characteristic X-ray is Jf = a 


(Z — b). In this, 

(a) both a and b are independent of the material 
(b) ais independent but b depends on the material 
(c) bis independent but a depends on the material 
(d) both a and b depend on the material 


50% of the X-ray coming from a Coolidge tube is 
able to pass through n 0.1 mm thick aluminium foil. 
The potential difference between the target and the 
filament is increased. The thickness of aluminium foil, 
which will allow 50% of the X-ray to pass through 
will be 

(a) zero 
(c) 0.1 mm 


(b) <0.1 mm 
(d) >0.1 mm 


One of the following wavelengths is absent and the rest 
are present in the X-rays coming from a Coolidge tube. 
Which one is the absent wavelength? 

(a) 25 pm (b) 50 pm 

(c) 75 pm (d) 100 pm 


The K, X-ray emission line of tungsten occurs at À = 
0.021 nm. The energy difference between K and L levels 
in this atom is about 
(a) 0.51 MeV 

(c) 59 keV 


(b) 1.2 MeV 
(d) 13.6 eV 


When a metal of atomic number Z is used as the target 
in a Coolidge tube, let f be the frequency of the K, 
line. Corresponding values of Z and f are known fora 
number of metals. Which of the following plots will 
give a Straight line? 
(a) fagainst Z 


(c) JF against Z 


(b) Vz against Z 
(d) fagainst 


In a Coolidge tube, the potential difference across 
the tube is 20 kV, and 10 mA current flows through 
the voltage supply. Only 0.5% of the energy carried 
by the electrons striking the target is converted into 
X-rays. The X-ray beam carries a power of 


(a) 0.1 W (b) 1W 
(c) 2W (d) 10 W 
X-rays are absorbed maximum by 

(a) lead (b) paper 
(c) copper (d) steel 


X-rays are not used in RADAR, because 
(a) X-rays are not reflected by target 

(b) X-rays are completely absorbed by air 
(c) X-rays damage the target 

(d) all of the above 
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In Coolidge tube, what fraction of incident energy is 
utilised in producing X-rays ?. 

(a) 100% (b) 1% 

(c) 50% (d) 25% 


Water is circulated in Coolidge tube to 
(a) cool the target 

(b) cool the cathode 

(c) cool both cathode and target 

(d) none of these 


If the incident electrons in Coolidge tube are accelerated 
through a potential of V volt, then the maximum 
frequency of continuous X-rays will be 


(a) V (b) AV 
eV h 
(c) FI (d) — 


What is the effect of electric and magnetic fields on 
X-rays? 

(a) X-rays are deflected 

(b) X-rays are not deflected 

(c) X-rays are sometimes deflected and sometimes not 
(d) Nothing can be said 


The wavelength of continuous X-rays is proportional 

to 

(a) intensity of incident electron beam 

(b) temperature of the target 

(c) intensity of X-rays 

(d) inversely to the energy of electrons striking the 
target 


If anode potential increases then 


f 


À 


(a) Bremsstrahlung radiation wavelength increases 
(b) Bremsstrahlung radiation wavelength decreases 
(c) Characteristic wavelength increases 
(d) Characteristic wavelength decreases 


The maximum frequency of X-rays produced by 
electrons accelerated through V volt is proportial to 


(a) V (b) 
(c) V (d) 


Which of the following wavelengths lies in X-ray 
region? 
(a) 10000 Å 
(c) 1A 


(b) 1000A 
(d) 102 Å 
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X-rays and y-rays both are electromagnetic waves. 

Which of the following statements is correct? 

(a) The wavelength of X-rays is greater than that of 
y-rays 

(b) The wavelength of X-rays reduce is less than that 
of y-rays 

(c) The frequency of y-rays is less than that of X- rays 

(d) The frequency and wavelength of X-rays are more 
than those of y-rays 


Hydrogen atom does not emit X-rays because 

(a) its energy levels are very close to each other. 
(b) the energy levels are far apart from each other 
(c) its size is very small 

(d) it contains only single electron 


Electrons of 10 KeV strike a tungsten target. The 
radiations emitted by it are 

(a) visible light 

(b) X-rays 

(c) infrared radiations 

(d) radio waves 


When a beam of accelerated electrons strikes a target, 
then continuous spectrum of X-rays is obtained. The 
wavelength absent from the spectrum of X-rays emitted 
by an X-ray tube operated at 40 KV will be 

(a) 1.5A (b) 0.5A 

(c) 0.25 A (d) 1.0 Å 


In an X-ray tube if the electrons are accelerated through 
140 KV then anode current obtained is 30 mA. If the 
whole energy of electrons is converted into heat then 
the rate of production of heat at anode will be 

(a) 968 calorie (b) 892 calorie 

(c) 1000 calorie (d) 286 calorie 


The wavelength of limiting line of Lyman series is 
911A. The atomic number of the element which emits 
minimum wavelength of 0.7A of X-rays will be 

(a) 31 (b) 33 

(c) 35 (d) 37 


The order of potential difference applied between 
cathode and anticathode in an X-ray tube will be 

(a) 10°V (b) 107V 

(c) 104V (d) 10'V 


Which of the following properties is not exhibited by 
X-rays? 

(a) Interference 

(b) Diffraction 

(c) Polarisation 

(d) Deflection by electric field 


X-ray region is situated between 

(a) visible and short radio wave regions 
(b) ultraviolet and visible regions 

(c) y-rays and ultraviolet regions 

(d) short and long radio wave regions 
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As the mass number A increases, the binding energy 

per nucleon in a nucleus 

(a) increases 

(b) decreases 

(c) remains the same 

(d) varies in a way that depends on the actual value 
of A 


Which of the following is a wrong description of 
binding energy of a nucleus? 

(a) Itis the energy required to break a nucleus into its 
constituent nucleons 

It is the energy made available when free nucleons 
combine to form a nucleus 

(c) Itis the sum of the rest mass energies of its nucleons 
minus the rest mass energy of the nucleus 

It is the sum of the kinetic energy of all the nucleons 
in the nucleus 


(b) 


(d) 


In one average-life, 

(a) half the active nuclei decay 

(b) less than half the active nuclei decay 
(c) more than half the active nuclei decay 
(d) all the nuclei decay 


In a radioactive decay, neither the atomic number nor 
the mass number changes. Which of the following 
particles is emitted in the decay? 

(a) Proton (b) Neutron 

(c) Electron (d) Photon 


During a negative beta decay, 

(a) an atomic electron is ejected 

(b) an electron which is already present within the 
nucleus is ejected 

(c) a neutron in the nucleus decays emitting an 

electron 

a proton in the nucleus decays emitting an electron 


(d) 


A freshly prepared radioactive source of half-life 
2 h emits radiation of intensity which is 64 times the 
permissible safe level. The minimum time after which 
it would be possible to work safely with this source is 
(a) 6h (b) 12h 

(c) 24h (d) 128h 


The decay constant of a radioactive sample is A. 
The half-life and the average-life of the sample are 
respectively 


l log? 
oles 


(c) A(log*) and = 


Consider a sample of a pure beta-active material. 

(a) All the beta particles emitted have the same energy 

(b) The beta particles originally exist inside the nucleus 
and are ejected at the time of beta decay 

(c) The antineutrino emitted in a beta decay has zero 
mass and hence, zero momentum 
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(d) The active nucleus changes to one of its isobars 
after the beta decay 


During a nuclear fission reaction 

(a) aheavy nucleus breaks into two fragments by itself 

(b) a light nucleus bombared by thermal neutrons 
breaks up 

(c) a heavy nucleus bombared by thermal neutrons 
breaks up 

(d) two light nuclei combine to give a heavier nucleus 
and possibly other products 


A free neutron decays to a proton but a free proton does 

not decay to a neutron. This is because 

(a) neutron is a composite particle made of a proton 
and an electron whereas proton is a fundamental 
particle 

(b) neutron is an uncharged particle whereas proton is 
a charged particle 

(c) neutron has larger rest mass than the proton 

(d) weak forces can operate in a neutron but not ina 
proton 


As the mass number A increases, which of the following 
quantities related to a nucleus do not change? 

(a) Mass (b) Volume 

(c) Density (d) Binding energy 


In which of the following decays the element reduce 

does not change ? 

(a) a-decay 

(c) P-decay 

Two lithium nuclei in a lithium vapour at room temperature 

do not combine to form a carbon nucleus because 

(a) a lithium nucleus is more tightly bound than a 
carbon nucleus 

(b) carbon nucleus is unstable particle 

(c) itis not energetically favourable 

(d) coulomb repulsion does not allow the nuclei to 
come very close 


(b) Bt-decay 
(d) y-decay 


An a-particle is bombarded on '*N. As a result, a "O 
nucleus is formed and a particle is emitted. This particle 
is a 

(a) neutron 
(c) electron 


(b) proton 
(d) positron 


Ten grams of °’Co kept in an open container beta-decays 
with a half-life of 270 days. The weight of the material 
inside the container after 540 days will be very nearly 
(a) 10g (b) 5g 

(c) 2.5g (d) 1.25g 


Which of the following are electromagnetic waves? 
(a) a-rays (b) beta-plus rays 
(c) beta-minus rays (d) gamma rays 


Before 1900 the activity per mass of atmospheric carbon 
due to the presence of 14C averaged about 0.255 Bq 
per gram of C 14C? 

(a) 114C in every 10" °C 

(b) 3 1C in every 10? 2C 


| Atomsand Nuclei 


(c) 4 !4C in every 10!° °C 
(d) 2 !C in every 10" ?C 


107. The fusion of two nuclider will require a temp of the 
order of 
(a) 10°K (b) 107K 
(c) 10° K (d) 10°K 
221 es . 

108. 97 Ra under goes radioactive decay witht, = 4 days. 
What is the probability that a neucleus under goes a 
decay in two half lives (8 days)? IIT 2006 
(a) | (b) 1/2 
(c) 3/4 (d) 1/4 

109. A y-ray of energy 1900 MeV is absorbed by 


110. 


111. 


112. 


113. 


114. 


(a) electron-positron pair 

(b) photo electric effect 

(c) proton-antiproton pair 

(d) producing heat in the substance 


Two identical nuclei A and B of the same radioactive 
element undergo # decay. A emits a f-particle and 
changes to A’. B emits a f-particle and then a y-ray 
photon immediately afterwards, and changes to B’. 
(a) A’ and B' have the same atomic number and mass 
number 

A' and B' have the same atomic number but 
different mass numbers 

A' and B' have different atomic number but the 
same mass number 

A' and B' are isotopes 


(b) 
(c) 
(d) 


A and B are isotopes. B and C are isobars. All three are 

radioactive. 

(a) A, B and C must belong to the same element 

(b) A, B and C may belong to the same element 

(c) It is possible that A will change to B through a 
radio-active-decay process 


(d) It is possible that B will change to C through a 
radio-active-decay process 
The decay constant of a radioactive sample is A. Its 
half-life is T,, and mean life is T. 
l In2 In2 l 

(a) Pipa t= (b) E ot 

l À In2 
(c) Tp=4In 2; ran (d) lare 


The count rate from 100 cm? of a radioactive liquid is c. 
Some of this liquid is now discarded. The count rate of 
the remaining liquid is found to be c/10 after three half- 
lives. The volume of the remaining liquid, in cm’, is 


(a) 20 (b) 40 
(c) 60 (d) 80 
The value of A in the following reaction is 


Be? + „Het = jn" 
(a) 14 
(c) 12 


(b) 10 
(d) 16 
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116. 


117. 


118. 


119. 


120. 


121. 


122. 


123. 


124. 


125. 
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When the number of nucleons in the nucleus increased 
then the binding energy per nucleon 

(a) decreases continuously with A 

(b) increases continuously with A 

(c) remains constant with A 

(d) first increases with A and then decreases 


The necessary condition for nuclear fusion is 
(a) high temperature and high pressure 

(b) low temperature and low pressure 

(c) high temperature and low pressure 

(d) low temperature and high pressure 


In stable nuclei the number of protons (Z) and number 
of neutrons (N) are related as 

(a) N>Z (b) N<Z 

(co) N=Z (d N=Z=0 


The energy emitted per second by sun is approximately 
(a) 3.8 x 10% Joule (b) 3.8 x 10!4 Joule 
(c) 3.8 x 10'* Joule (d) 3.8 x 10% Joule 


>? + n, = Xe +....¥ + ,.n' Here Y is 
(a) Sr” (b) Si” 
(o) get (d) g Ni” 


The energy released in the explosion of atom bomb is 
mainly dúe to 

(a) nuclear fission 

(b) nuclear fusion 

(c) chemical reaction 

(d) radioactive disintegration 


The difference between the atom U?* and U? is 
that 

(a) U? contains 3 neutrons more 

(b) U” contains 3 neutrons and 3 electrons more 

(c) U?*8contains 3 protons more 

(d) U?*® contains 3 proton and 3 electrons more 


| a.m.u. is equivalent to 
(a) 931MeV 
(c) 93MeV 


(b) 139MeV 
(d) 39MeV 


The binding energy of a nucleus is equivalent to 
(a) the mass of nucleus 

(b) the mass of proton 

(c) the mass of neutron 

(d) the mass defect of nucleus 


The fusion process is possible at high temperatures 

because at high temperatures 

(a) the nucleus disintegrates 

(b) molecules disintegrate 

(c) atoms become ionised 

(d) the nuclei get sufficient energy so as to overcome 
the Coulomb repulsive force 


For making atom bomb, what else is needed except 
U2 9 

(a) Neutron 
(c) Electron 


(b) Proton 
(c) Meson 
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126. 


127. 


128. 


129. 


130. 


131. 


132. 


The mass defect for helium nucleus is 0.0304 a.m.u. 
The binding energy per nucleon of helium nucleus is 
(a) 28.3 MeV (b) 7.075 MeV 

(c) 9.31 MeV (d) 200 MeV 


The most suitable material for moderator in a nuclear 
reactor is 
(a) D,O 
(c) B 


(b) Cd 
(d) Mi 


Which of the following reactions is impossible? 
(a) „Het + „Be? = n' +c" 

(b) „Het + N“ = H' +0” 

(c) 4(,H’) = ,He* + 2( e°) 

(d) ,Li’+ H' = Be’ 


Two deutrons fuse to form a helium nucleus and energy 
is released, because the mass of helium nucleus is 
(a) equal to that of two deutrons 

(b) less than that of two deutrons 

(c) more than that of two deutrons 

(d) all of the above 


The energy of thermal neutrons is nearly 
(a) 0.25eV (b) 0.025eV 
(c) 200MeV (d) 0.025 Joule 


The correct relation between the packing fraction 
P and mass number A is 


A M+A 
(a) P=— (b) P= Fi 
A A 

© P= D P= TA 


The curve between binding energy per nucleon (E) and 
mass number A is 


Ta 
an 


133. 


The half life of radioactive substance is 6 years. 
The time taken by 12 gms of this substance to decay 
completely will be 
(a) œ 

(c) 18 years 


(b) 48 years 
(d) 72 years 


134. 


135. 


136. 


137. 


138. 


139. 


140. 


141. 


142. 


143. 


Atomsand Nuclei 


The uranium nucleus ,U** emits an o-particle and 
resulting nucleus emits one f-particle. The atomic 
number and mass number of the final nucleus will 
respectively be 
(a) 91,234 
(c) 91,238 


(b) 90,234 
(d) 92,234 


If the decay constant of radium is 4.28 x 10“ per year, 
then its half life will approximately be 

(a) 1240 years (b) 1620 years 

(c) 2000 years (d) 2260 years 


The particle emitted in the nuclear reaction 


eT Gan rer ee will be 
(a) œ particle (b) B particle 
(c) B* particle (d) Photon 


The fraction of atoms of radioactive element that decays 
in 6 days is 7/8. The fraction that decays in 10 days 
will be 


77 71 
Zj b) — 
(a) 34 (b) 20 
3] 15 
= d — 
= a2 a 16 


Thetwo elements, with same number of electrons but 
different mass number, are known as 

(b) isomers 

(d) isobars 


(a) isotopes 
(c) isotones 


The decay constant of a radioactive sample is à. The 
values of its half life and mean life will respectively be 


(b) 


log,2 1 


l 
2 r3 
(a) gog. F 


l 
d) Alog, 2,— 
(d) 4log, 7 


The S.I. unit of radioactivity is 
(a) Becquerl (b) Curie 
(c) Rutherford (d) Roentgen 


The activity of a radioactivity substances is 


AdN dN 
D a 9 ar 

Nd A | dN 
O a D Kar 


If the half life of a radioactive material is 100 days, 
then its half life after 10 days will become 

(a) 50 days (b) 200 days 

(c) 400 days (d) 100 days 


If 10% of a radioactive substance decays in every 5 
years, then the percentage of the substance that will 
have decayed in 20 years will be 

(a) 40% (b) 50% 

(c) 65.6% (d) 34.4% 
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144. 


145. 


146. 


147. 


If the half lives of a radioactive element for « and $ 
decay are 4 years and 12 years respectively, then the 
percentage of the element that remains after 12 years 
will be 

(a) 6.25% 
(c) 25% 


(b) 12.5% 
(d) 50% 


The masses of two radioactive substances are same and 
their half lives are | year and 2 years respectively. The 
ratio of their activities after six years will be 


(a) 1:4 (b) 1:2 
(c) 2:1 (d) 4:1 
The half life of radioactive nuclei is 3 minute. What 


fraction of 1 gm of this element will remain after 
9 minute? 
l 


l 
a) — b) — 
(a) 5 (b) ri 
l l 
c) — d) — 
(c) 3 (d) 16 
The half lives of radioactive elements X and Y are 3 


minute and 27 minute respectively. If the activities of 
both are same, then the ratio of number of atoms of 
X and Y will be 


Answers to Practice Exercise 3 


106. 
113. 
120. 
127. 
134. 
141. 
148. 


(a) 2. (b) 3. (b) 4 
(d) 9. (d) 10. (a) 11 
(b) 16. (b) 177. (a) 18. 
(b) 23. (a) 24. (a) 25. 
(c) 29. (d) 30. (d) 32. 
(b) 37. (b) 38, (a) 39. 
(a) 44. (b) 45. (6) 46. 
(a) 51. (d) 52.. (a) 53, 
(c) 58. (d) 59. (d) 60. 
(b) 65. {a 66. (d) 67. 
(a) 72. (a) 73. (b) 74. 
(b) 79. (a) 80. (c) 81. 
(c) 86. (d) 87. (c) 88. 
(c) 93. (d) 94. (0) 95. 
(c) 100. (c) 101. (d) 102. 
(b) 107. (d) 108. (c) 109. 
(d) 114. (c) 115. (d) 116. 
(a) 121. (a) 122. (a) 123. 
(a) 128. (c) 129. (b) 130. 
(a) 135. (b) 136. (b) 137. 
(b) 142. (d) 143. (d) 144. 
) ) 


149. (a 


148. 


149. 


(a) 
(d) 
(d) 
(a) 
(d) 
(b) 
(c) 
(a) 
(b) 
(a) 
(a) 
(a) 
(d) 
(b) 
(d) 
(c) 
(a) 
(d) 
(b) 
(c) 
(a) 
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(a) 1:9 (b) 1:10 
(c) 1:1 (d) 9:1 
If the half life of a radioactive substance is T, then the 


fraction of its initial mass that remains after time T/2 
will be 


2i 


(a) J2 


(b) 


(c) 


wile Alw 


l 
d — 
(d) 2 
In the radioactive decay process of uranium the 
initial nuclide is , U** and the final nuclide is „Pb 
When uranium nucleus decays to lead, then the 
number of a-and f-particles emitted will respectively 
be 


(a) 8,6 (b) 8,4 
(c) 6,8 (d) 4,8 

5. (b) 6. (c) 7. (b) 
12. (b) 13. (b) 14. (d) 
19. (a) 20. (a) 21 (d) 
26. (d) 26. (a) 27. (a) 
33. (a) 34. (b) 35. (c) 
40. (c) 41. (a) 42. (d) 
47. (a) 48. (a) 49. (c) 
54. (b) 55 (a) 56. (c) 
61. (b) 62. (b) 63. (d) 
68. (c) 69. (c) 70. (b) 
75. (c) 76. (b) 77. (d) 
82. (a) 83. (b) 84. (c) 
89. (c) 90. (d) 91. (d) 
96. (b) 97. (d) 98. (c) 
103. (b) 104. (a) 105. (d) 
110. (a) 111. (d) 112. (b) 
117. (c) 118. (a) 119. (a) 
124. (d) 125. (a) 126. (b) 
131. (a) 132. (c) 133. (a) 
138. (a) 139. (a) 140. (a) 
145. (a) 146. (c) 147. (a) 
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Electronic Devices 


CHAPTER HIGHLIGHTS 


Semiconductors; semiconductor diode: l-V characteristics in forward and reverse bias; diode as a rectifier: l-V 
characteristics of LED, photodiode, solar cell and Zener diode; Zener diode as a voltage regulator. Junction 


transistor, transistor action, characteristics of a transistor; transistor as an amplifier (common emitter 
configuration) and oscillator. Logic gates (OR, AND, NOT, NAND and NOR). Transistor as a switch. 


BRIEF REVIEW 


We can have four types of conductors: 


(a) super conductors 
(b) good conductors 
(c) semiconductors 


(d) bad conductors or insulators 


Superconductivity was first discovered. by K. Onnes 
in 1911. 


Super conductors have zero resistance at low 
temperatures below a certain maximum called critical 
temperature. They are perfect diamagnets (Meissner effect). 
If temperature is greater than acritical temperature T they 
become normal conductors. They become normal conductor 
even if a magnetic field greater than critical magnetic 
field is applied. BCS (Bardeen Cooper Schereffer) theory, 
according to this theory current is carried by electron pair 
called cooper pair instead of individual electrons. The 
highest temperature at which superconductor is known is 
160 K. Note that cooper pair is a boson. Though, yet new 
theory has not arrived but there is little evidence that at 
high temperature electron pair could exist. 


Good conductors are metals. Their resistivity increases 
with rise in temperature according to 


p(T)=p, ll +a T] 

Semiconductors have a unique property that their 
conductivity increases with rise in temperature. Fig. 19.1 
illustrates how resistivity falls with rise in temperature. 
This phenomenon can be explained on the basis of band 
theory. The energy bands which are completely filled at 0 


K are called valence bands. The bands with higher energy 
are called conduction bands. We will refer to valence band 
as the top most filled band and conduction band as lowest 
conduction band. E is the topmost energy of valence band 
and E_is the bottom most energy of conduction band, the E, 
= E _-— E represents forbidden energy gap. 


4 (ohm—m™?}) 


v| 


—(K') 
1000 


T 


Fig. 19.1 Variation of resistivity vs temperature in a 
semiconductor 


In metals E — 0, that is, valence band and conduction 
band overlap so that a large number of electrons lie in the 
conduction band. 


Fig. 19.2 Energy band diagram of a semiconductor 
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In semiconductors is l eV. At room temperature 
it is about 1-2 % filled. At O K semiconductor is a perfect 
insulator. Fermi level is an imaginary level which lies 
between valence band and conduction band such that the 


probability of finding an electron is 50 % or > 


At 0 K Fermi level is the highest filled level. Fermi 
level is used as reference level. 


E, (for Ge) = 0.71 eV and E, (for Si) = 1.12 eV 


In insulator, E, ~ 6 eV. For example, E, (for diamond) 
= 6.3 eV 


Semiconductors are of two types (a) intrinsic 
(b) extrinsic or doped semiconductors. 


In intrinsic semiconductor no impurity, from 13th or 
15th group of the periodic table has been added. So that 
density of holes in valence band is equal to density of electrons 
in conduction band, that is, n, = h, where n is electron density 
and h is hole density (subscript ‘i’ stands for intrinsic). 


Extrinsic semiconductor is of two types p-type and 
n-type. In p-type majority carriers are holes. Thus, A > 
n, Impurities from 13th group (B, Al, Ga, In) is added to 
make a semiconductor p-type. Such a type of impurity is 
called acceptor impurity. Acceptor level E, lies very close 
to valence band (VB). 


In n-type semiconductor majority carriers are electrons. 
It is made by doping donor impurity, 1.e., impurity from 15th 
group of periodic table like P, As, Bi, Sb. Thus, n > h,. Donor 
level lies very close to conduction band (CB). 


In thermal equilibrium condition n, h, = n? (subscript 
e denotes extrinsic). Fig. 19.3 (a) and 19.3 (c) show energy 
band diagram for p- and n-type semiconductor, In heavily 
doped p- or n-type acceptor or donor impurity level lies 
inside VB and CB respectively. Fig. 19.3 (6) shows heavily 


doped p-type. 


electron electron 
E „0.12 eV 
Aoi nie pa E, 
holes holes 


(a) p—type semiconductor (b) heavily doped p-type 


CB. electron 


E, LRERERERER EX SX 1 


(c) n—type semiconductor 


Fig. 19.3 Energy band diagram of extrinsic 
semiconductors. 


Conductivity in semi conductors is due to holes and 
electrons both. Moreover, total conduction is due to diffusion 


Electronic Devices | 


and drift currents. In an intrinsic semiconductor, conductivity 
o=neu t+heu, 


where u and u, are mobility of electrons and holes 
respectively. For n-type semiconductor. 


Assuming n = N, 


o=neu =N eu, 

For p-type semiconductor 
Assuming h = N, 
o=hep =N, eu, 


pnjunction When p- and n-type semiconductors of same 
material, either both of Si or both of Ge are fused together, 
or, n-type is grown on p-type, then such a device is called 
pn junction or semiconductor diode. 


Potential barrier and Depletion layer Due to charge 
density gradient, electrons from n-type move towards p-type 
close to the junction and are accepted by acceptor impurity 
atoms present there. Similarly, holes from p-type ionize 
impurity atoms present close to the junction forming a 
fictitious battery V, or potential barrier V,. Potential barrier 
and depletion layer are illustrated in Fig. 19.4 (a) and 19.4 (b). 


ionized 
Acceptors 
(stationery ) 


depletion layer 


depletion layer 


(a) (b) 


Fig. 19.4 (a) pn junction (b) Energy band 
diagram of a p-n junction 


Depletion layer isthe layer close to the junction devoid 
of carriers due to migration of charge carriers (electrons and 
holes) and acceptance by acceptor and donor impurity atoms. 


Forward biasing If positive terminal of an external 
battery is connected to p-type and its negative terminal 
to n-type of the pn junction then such a biasing is called 
forward biasing. Forward biasing reduces potential barrier 
and hence, depletion layer width decreases. The current is due 
to majority carriers. See Fig. 19.5 (a) and Fig. 19.6. Current 
is quite large when applied, with forward voltage > V, or V. 


depletion layer 


depletion layer P 
width increases 


width decreases 


(a) Forward biasing (b) Reverse biasing 


Fig. 19.5 Biasing of p-n junction 
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(mA) TT] 


Forward current 
due to majority 
carriers 


(Forward bias) 


I, 1s reverse 
saturation 


current current due to 


minority carriers 
(Reverse bias) 


Fig. 19.6 Characteristics of pn junction 


Reverse biasing If positive terminal of external battery 
is connected to n-type and negative terminal to p-type as 
shown in Fig. 19.5 (b), then such a biasing is called rever se 
biasing or back biasing. It increases the barrier potential and 
hence, depletion layer width. Extremely low current due to 
minority carrier flows. The current is nearly constant and is 
termed as reverse saturation current as shown in Fig. 19.6. 
Fig. 19.7 shows circuit symbol for an ideal diode. It 1s clear 
from characteristic curve shown in Fig. 19.6 that pn junction 
acts very closely like a valve. 


P 


Fig. 19.7 Circuit symbol of an ideal pn junction 


; ; : . _ V/V, 
Equation of current in a pn junction /= I, [e da 1 | 


where J, is reverse saturation current, V is applied potential, 
kT 
V, = thermal voltage V, = — = 0.026 V at 300 K where k 
e 


is Boltzmann’s constant, T is temperature (Kelvin) and e is 
charge on an electron. 


Dynamic or Incremental Resistance 


pee is called dynamic resistance. It may be 
AI dl 


determined from the characteristic curve as shown in 
Fig. 19.8. Its value 1s different at different points. From the 


diode equation LA = ds vm a2 
Vr Vr 
d 2 
or rr aV _V, _ 20mV _ 26 Q 
dl I ImA 


In forward bias Z= 1 mA = 26 Q (low). 


Fig. 19.8 Dynamic resistance determination 
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V. 
In reverse bias case r = — as I — 0, r, —> œ. In an 


actual diode r_> 104 Q. 


Ideal diode Ideal diode is like a voltage controlled 
switch. When forward biased it acts like an ON switch (zero 
resistance) and when reverse biased it acts like an OFF switch 
(infinite resistance). 


Table 19.1 lists some of important types of diodes and their 
applications along with their circuit symbols. 


Table 19.1 Types of p-n junctions 


Type of diode Circuit symbol Applications 

1. General È | Demodulator, 
purpose diode voltage multiplier 

clipping, 
clamping, rectifier, 
peak detector, 
waveshaping. 

2. Avalanche Load regulator, 
or Zener or reference voltage 
breakdown formation. 
diode 

3. .Varactor or e | Frequency 
Varicap - modulation 

(FM) voltage 
to frequency 
converter. 

4. Tunnel diode Oscillator, 
or Esaki diode Astable/ 

monostable 
multivibrator 

5. Photo diode ae Burglar alarm, 

—>- fire alarm, remote 


sensing, automatic 
switching of light, 
nuclear detector, 
communication 
system 


6. Switching 
diode 


7. Light emitting 
diode (LED) 


Logic gates 


Indicator, 

remote control, 
optical fiber 
communication, 
system alpha- 
numeric 
(7-segment, 
14-segment 
displays) devices. 


wy 


Rectifier It converts AC to unidirectional pulsating output. 
In other words it converts AC to DC. 
Rectifiers are of Two Types 


(a) Half Wave Rectifier (b) Full Wave Rectifier 
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p 
| 
\ 
1 
\ 
1 
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T2 T T 


i JTA 2 
a (b) 
Half wave rectifier Its input/output characteristics 
Fig. 19.9 


Half-wave rectifier Fig. 19.9 (a) illustrates half 
wave rectifier and Fig. 19.9 (b) shows the input/output 
characteristics. 


In a Half-Wave Rectifier 


. T 
V=V=V,snQt0<t< > 


V =0 F ete? 
Vp 


V (dc) = pa 


out 


-Ve 
V. (rms) > 


out 


2 
V V 
Ripple factor y = TRI =] -1 =1.21 


DC 


P 
Rectification efficiency 7 = = x 100 = 40.6% 


Frequency of output signal = frequency of input signal 
Full-wave rectifier gives output in both the half cycles. 


Circuit and input/output characteristic are shown in Fig. 
19.10 (a), 19.10 (b) and 19.10 (c) respectively. 


(b) 


Full-wave Rectifier using V. 
centre tapped transformer 


ST/2, 2T 
(c) 


Input/output characteristics 


Fig. 19.10 
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Note that a full-wave rectifier can be made using a centre 
tapped transformer or a bridge rectifier. 


For a Full-Wave Recitifier 


T 
V=V=V, sin Qtr O<t< > 


V =— V, sin Qtr 5 Sts 
2V 
Ve. (DO) = P, 
T 
V 
V (rms) = —= 
out J2 
: Vic = 
Ripple factor y = = 0.48 
Vine 


P 
Pe x 100=81.2% 


rms 


Rectification efficiency y = 


Frequency of output signal = 2 x Frequency of input 
signal. Fig. 19.10 (c) or the characteristics mentioned suggest 
we shall prefer a full wave rectifier. 


Bridge Rectifier is preferred as the diodes used shall 
have peak inverse voltage (PIV) half that of the value 
needed.in full wave rectifier, made using centre tapped 
transformer. 


Negative Resistance See Fig. 19.11. In the region AB. 


l l N . 
| œ y This region is termed as negative resistance 


region. The devices which show negative resistance are 
(a) tunnel diode. 
(b) tetrode (vacuum tube). 


(c) thyristors. 


I 


Negative resistance 
A region 


Fig. 19.11 Negative resistance illustration 


Photo diodes are operated in reverse bias. If frequency 
of incident radiation is such thath fZ E then conductivity will 
increase as electrons from valence band jump to conduction 
band creating conduction electrons (in CB) and holes 
(in V.B.). 


h n 
Thus, if hf > E_or hc >E ork< = conductivity 
g g E 
A g 
will increase. 


| Electronic Devices 


LED (Light emitting diode) If the diode is forward 


h 
biased and band gap E, is such that A = lies in visible 
g 


region for a transition of electron from conduction band to 


valence band then light will be emitted. The band gap E of 
Ge or Si does not warrant visible light emission. Therefore, 
GaAs, GaAlAs. GalnP, GaAIP, InP etc. are used to make 
LEDs which emit light in visible region. By varying % 
contents band gap E, in such compounds can be varied. 


Drawback of diode Note from Table 19.1 pn junction 
or diode cannot be used as an amplifier. 


Transistor is made of words TRANSfer + resISTOR 
(TRANS from transfer and ISTOR from resistor). Thus, 
transistor is a device which gives transfer of resistor without 
changing the current at input or output, 1.e., same current flows 
through input and output while resistance at the two places are 
different. This device is designed to make amplifier. Obviously 
if Ro > Rin then P = P R gives us clue that output power 
is more than input power. This is the principle of amplifier. 
Transistor is basically of three types (a) UJT (uni 
junction transistor), (b) BJT (bipolar junction transistor), (c) 
FET (Field effect transistor). BJT 1s of two types npn and 
pnp. FET is of three types JFET (Junction field effect 
transistor), MOSFET (Metal oxide semiconductor field effect 
transistor), IGFET (Insulated gate field effect transistor). 


In a BJT, emitter is heavily doped, base should be 
extremely thin. Fig. 19.12 (a) shows pnp-transistor and its 
circuit symbol, and Fig. 19.12 (b) shows npn-transistor and 
its circuit symbol. 


(ay | 


pnp transistor 


npn transistor 


Fig. 19.12 Bipolar junction transistor 


A transistor can be considered as a junction. Then, 
[,=1,+1, 


T.=B1,+ (B+ 1) Loo 
| ee E eee 
when canter is open. 


The term 7 cBo is temperature dependent. Zogo 


for every 8-10°C rise in temperature. 


is collector base Junction current 
doubles 


a is current gain for common base amplifier and a < 1. 
$ is current gain for common emitter amplifier and £ > 1. 
Each transistor circuit requires temperature compensation. 
Therefore, self bias arrangement is used which automatically, 
adjusts/bias to compensate the effect of temperature. 


I 
paol: a= (<1); 
Is I; 
— a AnD 
l- æ 1+2 


A transistor can operate in three regions. In saturation 
region, transistor acts like an ON switch (dynamic resistance 
is 8Q). In cut off region, transistor behaves as an OFF switch 
(resistance > 10* Q). In active region transistor acts as an 
amplifier. See Fig. 19.13 to understand these regions. Note 
that in active region characteristics are equidistant and parallel 
for equal change in input, i.e., output is directly proportional 
to input. Hence, active region is also called linear region. 


Cut off region 1s achieved when both collector base 
junction and emitter base junction are reverse biased. 
Saturation region 1s achieved when both collector base (CB) 
junction and emitter base (EB) junction are forward biased. 


In active region emitter base junction is forward biased 
and collector base junction is reverse biased. Cut off and 
saturation regions are used in logic gates. 


I. 


Active or linear 
region 


Saturation | 
region 


Cut off region 
Fig 19.13 Output characteristics of common base 


Transconductance or transfer conductance or mutual 


conductance g, = ole . 
OV ar 


Amplifier is a circuit which gives power gain. Table 
19.2 shows characteristic of common base (CB) Amplifier, 
common emitter (CE) and common collector (CC) Amplifiers. 


One can note from Table 19.2 that 


(i) CB Amplifier is a voltage amplifier as it amplifies 
only voltage. 


(ii) CC Amplifier is a current amplifier as it amplifes 
only current. 


(iit) CE Amplifier amplifies both current and voltage. 
It gives a phase shift of 180° between input and 
output signal. This is the reason, it is used to make a 
NOT gate or inverter. Do not get the notion that CE 
amplifier is the best as it gives A, and A both > 1. 


Common collector amplifier 1s also known as a buffer 
amplifier or an emitter follower. 


In another classification amplifiers may be of four 
types: class A, class B, class AB and class C. 


Class Aamplifier It amplifies complete signal (0—360°) 
using a single transistor. It is used when the signal is 
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Table 19.2 Characteristics of Amplifiers 


19.6 
Property Common base 
Amplifier 
Input impedance (Z) Low 
Output impedance (Z ) high 
Current gain (A) A,=a<1 
R 
Voltage gain (A) A =A —>1 
r 
=O a >1 
r 
1 2 R, 
Power gain (A, =A, . A) A, zg =>] 
r 


e 


Phase shift between 


input and output signal nil 


Common emitter Common collector 


Amplifier Amplifier 
medium high medium high 
high low 
A,=f>1 A,=(B+1)>1 
A =4 L>] A =A SL <1. 
| n, n, 
sps Set E] 
h, "n, 
A spesi A - (8+1 $> 1, 
P 
n, n, 
180° or m-rad nil 


Key words —> Low ~ 25-30 Q, medium high ~ 200 Q, high > 10* Q r, = dynamic resistance of emitter, r, = dynamic resistance of 


base. 


small, i.e., at the input or first stage or preamplifier stage. 
The transistor is biased in the active region in the midway 
as illustrated in Fig. 19.14. Q-point or operating point shows 
the bias point. 


I, for!’ class A operation 


complete signal 
amplifier 


Fig. 19.14 Class A amplifier 


Class B amplifier As shown inFig. 19.15 Q-point in class 
B amplifiers is in cut off region. Therefore, they amplify only 
half the signal 0—180° or 180—360°. 


Therefore, two transistors are required to amplify 
complete signal. At the output stage of amplifier system 
signal becomes large and is amplified using class B push- 
pull amplifier (two transistors one amplifier 0-180° and the 
other 180°—360°). 


Vorl 


ï ee amplified 


Class -B 
operation 


not amplified 


Fig. 19.15 Class B amplifier 


Class AB Amplifier It amplifies > 180° but less than 
360° using a single transistor as illustrated in Fig. 19.16(a). 
Q-point is slightly above cut off region. So a part of the back 
half signal is also amplified. 


Y 


C V or Loy 


Q — point t 


Vos iá es 


Fig. 19.16(a) Class AB amplifier 


Without feedback 
With negative 


feedback 


Fig. 19.16(b) 


Class C amplifier They amplify only pulses when the 
signal is large. Class C amplifiers are used in transmitters. 
The figure shows amplifier frequency response curve. Note 
band-width increases with negative feedback. 


Oscillator LC tank circuit is a basic oscillator. Due 
to dissipative element (internal resistance of the coil), 
the oscillations are damped. Hence, positive feedback 
or negative resistance is required to achieve sustained 
oscillations. 
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Barkhausen criterion should be satisfied to achieve 
sustained oscillation 


p A, = 1 where £ is feedback factor and A, is voltage 
gain. The criterion lists two points: 


(a) there should be positive feedback. 


(b) feedback factor p > ra 


Therefore, a frequency selective feedback network 
is employed so that at a particular frequency called the 
frequency of oscillation J A> 1. This frequency is frequency 
of oscillation. Oscillators may be of two types (a) Audio- 
frequency oscillators (AFO) (b) Radio frequency oscillator 
(RFO). 

To design an AF oscillicator, one requires an RC 
circuit. RC phase shift oscillator and Wein’s bridge 
oscillator are popular AF oscillators. Now-a-days, 
normally operational amplifier (op-amp) is used to design 
amplifiers and oscillators. AF oscillators have frequency 
< 20 kHz. 


Radio frequency oscillators are LC oscillators. Hartley, 
Colpitt’s, Clapp’s, Crystal oscillators are popular RF 
oscillators. RF oscillators operate at high frequency > 100 
kHz. They are used to generate carrier wave and as a local 
oscillator in a radio receiver. 


In another categorization, oscillators may be of 
two types a) sinusoidal or sine/cosine wave generator b) 
relaxation oscillators. Relaxation oscillators generate any 
wave other than sine or cosine, that is, square, rectangular, 
triangular, sawtooth etc. 


Logic gates Logic is of two types (a) positive logic (b) 
negative logic. 

In positive logic high state +5V is assigned a ‘1’ and low 
state (OV) a value ‘0’ as illustrate in Fig. 19.17. In negative 
logic high state is assigned a ‘~? while a low state is assigned 
a‘l’. 

AND gate A positive logic AND gate assumes high 
state if and only if all the inputs are high. Circuit symbol 
of two input AND gate is shown in Fig. 19.17 (a) and 
circuit implementation using switching diodes in Fig. 
19.17 (b). Operation symbol is ‘.’ as it behaves like 
multiplication. 


+ V (+5V) 


(a) (b) 
circuit symbol circuit implementation 
of AND gate of AND gate 


Fig. 19.17 
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Table 19.3 Truth Table of AND gate 


A B Y=A.B 
0 0 0 
0 1 0 
1 0 0 
1 1 1 


ORgate A positive logic OR gate assumes a high state if 
any of the input is high. Fig. 19.18 (a) shows circuit symbol 
and Fig. 19.18 (b) shows the circuit implementation of OR 
using switching diodes. Operation symbols of OR is ‘+’. 


l 
o| 4 


A Y=AtB 4 
PDD N 


(a) 
circuit symbol 
of OR gate o (b) 
circuit implement 
ation of OR gate 
Fig. 19.18 


Table 19.4 Truth Table of OR gate 


A B Y=A+B 
0 0 0 
0 l l 
l 0 l 
1 1 1 


NOT gate or Inverter A NOT gate inverts the input, i.e., 
a ‘0’ input appears as a ‘1’ or vice versa Fig. 19.19 (a) shows 
circuit symbol and Fig. 19.19 (b) circuit implementation 
using a switching transistor. Operator symbol a bar or a 
complement. 


Amplifier . . 
inversion circle 
(a) 
circuit symbol of NOT circuit implementation 


Fig. 19.19 
Table 19.5 Truth Table of NOT gate 


Note that NOT gate is a unary gate. All other gates 
are binary gates. 
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NAND (Negated AND) Output of AND is negated or 
inverted. Fig. 19.20 shows NAND gate implementation and 
its circuit symbols. 

D Y = AB 
B 


(a) 
NAND = AND + NOT or NOT of AND 


— AR oe 
i To Y=A+B 
B B = AB 
(b) 
circuit symbol of NAND 
Fig. 19.20 


Table 19.6 Truth table of NAND 


B Y= 


re = CC oj 
—= OD = © 
ODO = = — 


NOR (Negated OR) Output of OR gate is negated or 
inverted. Fig. 19.21 shows NOR gate implementation and 
its circuit symbols. 


A Y=A+B 


B 


(a) 
NOR = OR + NOT or NOT of OR 


(b) 
circuit symbol of NOR 


Fig. 19.21 
Table 19.7 Truth Table of NOR 


A B Y= A+B 
0 0 1 
0 l 0 
1 0 0 
1 l 0 


Universal gate A gate which possesses following 
properties is called a universal gate 


(a) Any gate/logic can be developed using a single 
gate or combination of similar gates. 


(b) They follow associative or commutative laws. 
(c) They can be manufactured economically. 


NAND and NOR qualify these properties and hence, 
are termed as universal gates. 
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De-Morgan Laws 
(i) A+B = AB (ii) = AB + A+B. 


Duality principle When positive logic is changed to 
negative logic or vice versa AND changes to OR; OR changes 
to AND; NAND changes to NOR and NOR changes to 
NAND. Note a change of 0 with 1, and, 1 with O in a truth 
table will reveal this result. 


Phantom ORor wired OR Fig 19.22 shows Phantom 
OR or wired OR. 


A 
B 


¥=AB + ČD 


Fig. 19.22 Wired OR 


XOR (Exclusive OR) Fig. 19.23 shows XOR gate. The 
output of XOR acts as sum bit of half Adder. 


A 
Y=AB+AB B 


A 
Bo) >? A 


Y=AB+AB 


B 
(a) (b) 
circuit symbol of XOR implemeutation of XOR 
Fig. 19.23 


Conversion of gates Fig. 19.24 shows NOT from 
NAND. Fig. 19.25 shows NOT from NOR. 


NOT from NAND 


Fig. 19.25 Short both the inputs of NAND to get NOT 


AND from NAND 
Z=AB 


Fig. 19.26 
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AND from NOR 


Fig. 19.27 
OR from NAND 
A 
A — — 
Y=A+B 
=A+B 
=A+B 
B 
B 
Fig. 19.28 
OR from NOR 
A Z = AB Y=Z 
B Y = A 4. B 
=A+B 
Fig. 19.29 
Half Adder It isused to add two bits Augend and Addend. 


Sum bit S can be implemented using XOR and carry bit can 
be implemented using AND. Fig. 19.30 (a) shows circuit 
symbol of Half Adder and Fig. 19.30 (b) shows. its gate 
implementation. 


Ao 


Fig. 19.30 (a) Half Adder 
A 


B 


é 


Fig. 19.30 (b) Gate implementation of half adder 
Table 19.8 Truth Table of half adder 


Augend Addend Sum Carry 
A B S C 
0 0 0 0 
0 1 1 0 
1 0 1 0 
1 1 0 1 
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Full Adder It is used to add 3 bits—Augend (A ), Addend 
(B ) and carry from previous state (C _,). Sum (S_) and carry 
to next state (C ) are outputs. Fig. 19.31 (a) shows circuit 
symbol and Fig. 19.30 (b) shows gate implementation of 
Full Adder. 


A Se 
rye Tà 
By P 

* _ 
O N-1 ad 


Fig. 19.31 (a) 


Fig. 19.31 (b) 


Table 19.9 Truth Table of full adder 


Augend Addend Carry from Sum Carry 
A, B previous S, C, 
state C,_, 
0 0 0 0 0 
0 0 1 1 0 
0 1 0 1 0 
0 1 1 0 1 
1 0 0 1 0 
1 0 1 0 1 
1 1 0 1 0 
1 1 1 1 1 
From the table 
S = A, B,C, +4, B, Coit +A, B+ Crm 
+A BC, 
= (A,B, +A,B,)C,,+(A,B,+4,B,) C_, 
= A®B OC 
C, = A, B, C,- 1 + A, B, C,- 1 + AB, C, + A B,C, 


5, Cai +A, B, 


Integrated Circuit (IC) Tf all the circuit elements like 
transistor, diode, capacitor resistor are built on a single chip 
and inter connected to form a complete circuit, then such 
a circuit is called an integrated circuit or an IC. ICs are in 
general of two types 

Noninverting Input 


Output 


1” l 


Fig. 19.32 Linear IC or op-amplifier 


Inverting Input 
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(a) Analog or linear or op-amplifier 


and (b) digital or binary or logic families. 


Analog ICs contain operational amplifiers 
(op-amp) These are direct coupled differential 
amplifiers. Fig. 19.32 shows circuit symbol of op-amp. 
Note, it has an inverting input terminal (—) and a non 
inverting input terminal (+). The difference between 
inverting and non inverting inputs 1s amplified. Gain of such 
amplifiers is very high (10° — 10%). Therefore, an external 
feedback system is used to curtail gain. This amplifier 
can be used for any mathematical operation like addition, 
subtraction, multiplication, log, antilog, differentiation and 
integration. 


R 


2 


Fig. 19.33 Inverting amplifier or scale changer 


In Fig. 19.34 configuration 


= = -2 The Rie decides the voltage gain 


1 1 
under feedback condition. 


HRS 


Fig. 19.34 (a) Differentiation circuit 


C 


V= pe | Vide 


Fig. 19.34 (b) Integrating circuit 
Fig. 19.34 (a) and Fig. 19.34 (b) show differentiation 
and integration implementation using op-amp. 


Now-a-days, CMOS technology, biCMOS, GaAs and 
opto electronic ICs are being made. biCMOS, GaAs and 
opto-electronics ICs are very high speed devices. 
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Short Cuts and Points to Note 


l. 


Energy bands are formed due to degenerated energy 
levels in a crystal structure or bulk of the material. 


. The property of the semiconductor that resistivity 


falls with rise in temperature can be explained using 
band theory. 


3. A semiconductor is a perfect insulator at 0 K. 


4. In a semiconductor, conduction is due to drift as 


I O 


well as diffusion currents. 


. The mobility of electrons is 2—3 times higher than 


that of holes. Therefore, npn devices or n-channel 
MOSFET are faster than pnp devices or p-channel 
MOSFET. 


. In intrinsic or pure semiconductors n, = h.. 


. In extrinsic semiconductor, if n, is the electron 


density and /, is the hole density the material will 
be n-type ifn, > n orn, >h,. The material will be 
p-type if h, >n or h, > n, Moreover, in thermal 


equilibrium nh =n’. 
e e l 


“s In metals, valence band and conduction band 


overlap therefore, E, =0. In semiconductors E ~ 1 
eV and insulators have E~ 6 eV. 


9. In n-type semiconductor, conductivity 


10. 


11. 


12. 


13. 


o =neu, SN elu, 

In p-type semiconductor conductivity 

o =heu, =N, elly 

In intr]insic semiconductor conductivity 


=neu then, 


intrinsic 
A pn junction or a diode may be assumed ideal 
diode. It may be assumed to act like an ON switch 
when forward biased and like an OFF switch when 
reverse biased. That is, diode shows full conduction 
(r = 0) when forward biased and no conduction 
(r = œ) when reverse biased. 


On forward biasing the diode resistance r > 0, 
depletion layer width decreases. Current 1s mostly 
diffusion. (Actual current is diffusion current + drift 
current). 


On Reverse biasing the diode r > œ, depletion layer 
width increases. Current is drift current only. 


In photo diodes conduction will increase (They are 
operated reverse biased) if wavelength of incident 


h 
radiation A < - , 
E 


& 


In an LED light will be emitted f a wavelength A = 


< _ Since, Ge and Si will emit IR they can be used 
g 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


2l 


in remote sensing, Robots etc. LEDs emitting light 
in visible region are made from Ga As, Ga In P, Ga 
In As, Ga Al As etc, 1.e., it is an alloy of 13, and 
15 „ group element forming a semiconductor where 
E, depends on concentration of their constituents. 


60 Carbon atoms forming a football like structure 
behave as a semiconductor. 


Diode cannot be used as an amplifier since it is a 
two terminal device. 


Transistor amplifies by converting power of dc 
source into AC (of the signal applied). It uses the 
principle P = PR. If R << R „and current at input 
and output remains unchanged then power gain is 
obtained. 


Current gain A, =a@ <1 


R, 
Voltage gain A, = a— > 1 


In common base (CB) 


R lifi 
Power gain A, = o>] amplifier 
j a= hep 
No phase shift between 


input and output. 


Current gain A, = 6 <1 
R In 
Voltage gain A, = B—+>1 Coa 
h, emitter (CE) 


R lifi 
Power gain A, = fim ^ n] amplifier 

h P = hy 
Phase shift = 180° or a rad. 


Current gain A, = J +1; Power 


: R 
gain A, = (8 +1 —>1 
r, In common 


collecter (CC) 


R lifi 
Voltage gain A, = (#+1)— <1; amplifier 
r 


b 


Phase shift nil 


Common collector amplifier is also called Power 
amplifier, Buffer amplifier, Current booster or 
Emitter follower. 


Ic Ie 
IL =l +p 4% = L AT and 
a=. 
1+8 


Oscillator can be designed with any of the two 
techniques. Either use negative resistance device or 
positive feedback. When in the frequency selective 


22; 


23: 


24. 


25. 


26. 


2T: 
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network, Barkhausen criterion is satisfied then 
oscillations are generated. ($ A, > 1). The Figure 
shows block diagram of an oscillator. LC oscillators 
are high frequency of RF oscillators while RC 
oscillators are low frequency or Audio frequency 
oscillators. 


Active 
Network 


Feed back 
Network 


Use the relations in order to simplify logical 
expressions. 


(i) A+A=AitsdualA.A=A 

Gi) A+ A=1itsdualA.A =0 

(ii) A+1=AitsdualA.1=A 

(iv) A+AB =A its dual A (A + B) =A 

(w) A+ AB=A+Bits dualA(A +B)=AB 

(vi) A+B=AB; AB=At+ B. 

wii) A=A+14+1=140=1 
1.0=0;11=1 


NAND and NOR gates are universal gates. NOT 
gate is unipolar. All other gates are bipolar. 


Devices like tunnel diode, thyristor, tetrode have 
negative resistance. 


Transistors may operate in 3 regions. (a) Cut off 
region is obtained if both emitter base junction and 
collector base junction are reverse biased. It acts 
like an OFF switch. (b) Active or linear region 1s 
achieved when EB junction is forward biased (V,,, 
> 0.6 V) and collector base (CB) junction is reverse 
biased. Amplifiers can be made only in this region. 
(c) Saturation region is achieved when both EB 
and CB junction are forward biased. In this region 
transistor acts like an ON switch. 


Logic circuit are of two types combinational and 
sequential. Sequential circuits possess memory. In 
combinational circuit output depends only on the 
present inputs. In sequential circuits output depends 
not only on present input but on past inputs in 
chronological order. 


Integrated circuits are of two types. a) Analog b) 
digital or logic family. Analog ICs has op-amps 
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28. 


29, 


30. 


used in amplifiers, oscillators, D/A converter, 
timer circuits, power supplies—regulated and 
SMPS, function enerator filters, modulation and 
demodulation, phase locked loops etc. 


Digital ICs contain simple logic gates, Adders, 
multiplexers, CPU, ASIC (Application specific 
integrated circuits). RAMs, ROMs, combinational 
locks, registers, counters, decoders, code converters 
etc. Digital circuits in general can be divided into 
SSI, MSI, LSI, VLSI and ULSI. 


Op-amps are high gain de coupled differential 
amplifiers and can be used even in mathematical 
operation like addition, difference, multiplication, 
log, antilog, differentiation, integration, scale 
changer etc. 


If n amplifiers are connected in tandem having 
individual gains A, A, ....A,. Then, the overall gain 
isA_..=A,A, ...A,. 

High speed ICs are made with GaAs, BICMOS. 
Optical fibers are even added to increase the 


speed. 


Caution 


l. 


Forgetting the valve action of pn junction 
diode. 


In pn junction current flow from p to n side 
TOT: 1.€.; arrow mark side. 


Assuming that output of rectifier is dc, hence, its 
frequency is zero. 


Frequency of output of half wave rectifier is same 
as that of input signal and frequency of output of 
full wave rectifier 1s twice that of input signal. 


Assuming that rectification efficiency of a half 
wave rectifier is 50% and that of a full wave 
rectifier is 100% as in half wave rectifier half 
of the signal and in full wave rectifier complete 
signal is obtained. 


Rectification efficiency of half wave rectifier is 
40.6% and that of a full wave rectifier is 81.2%. 


Assuming amplification means increasing the 
amplitude of current or of voltage. 


Amplitude should be increased along with increase 
in power. 


Not able to recall current gain in CE amplifier and 
CB amplifiers. 

In CB amplifier current gain A, < 1.A,=a=h,,= 
I. 


I; 


10. 


11. 


12. 


13. 
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In CE amplifier current gain A,> 1. A, = $ = h= 
Ic 
I 


Considering transistor cannot be used as Rectifier. 


B 


If only collector base or emitter base junction is 
considered then rectifier can be designed. 


Assuming that Kirchhoff’s laws cannot be applied 
in electronic circuits. 


Kirchhoff’s laws can be applied in circuits 
containing transistors or pn junction. A transistor 
can be considered a junction, therefore, J, =I. + L. 


Not remembering the formulae for voltage gain 
and power gain. 


Voltage gain A =a & > 1 in CB amplifier. 
r 


e 


Power gainA >= A. A,— a? Ae 1 in CB amplifier. 
r. 


e 


Voltage gain A = B is 1 in CE amplifier. 
h, 
Power gain A, =A,. A,= P SA in CE amplifier. 
h, 
Note A,, A, or A, is a ratio, therefore, they are 


dimensionless. 


Assuming that the oscillator can be developed 
only with L and C. 


Low frequency or audio frequency oscillators 
are made with R and C. Remember that basic 
requirement to make an oscillator is to fulfil the 
Barkhausen criterion ($ A, > 1). 


Assuming in binary/logic circuits 1 + 1 =2. 
1 + 1 is OR operation .. 1+1=1 


and in binary number addition 1 + 1 = 10 (2 written 
in binary numbers). 


Assuming in a circuit V, = 10 mV, gain A, = 10° 
then output must be 10% V. 


Output in no case can exceed the dc biasing voltage 
applied. 


Assuming amplifiers do not have internal source 
of distortion of signal. 


Temperature dependence of minority carriers, causes 
thermal runaway. Moreover, the characteristics do 
not remain parallel and equidistant for large signal 
variation. Self bias system are to be used to prevent 
thermal runaway and large signals are amplified 
using Push-pull class B amplifiers. 


Assuming mobility of hole and electron are 
equal. 


Mobility of electron is 2-3 times larger than that of 
holes. 


| Electronic Devices 


PRACTICE EXERCISE 1 
(SOLVED) 


Choose the only false statement from the following 

(a) In conductors valence and conduction band may 
overlap. 

(b) Substances with energy gap of the order of 10 eV 
are insulators. 

(c) The resistivity of semiconductor increases with 
rise in temperature. 

(d) The conductivity of semiconductor increases with 
rise in temperature. 

[CBSE PMT 2005] 


Zener diode is used for 
(a) Amplification. 
(b) Rectification. 
(c) Stabilization. 
(d) Producing oscillations in oscillator. 
[CBSE PMT 2005] 


Application of forward bias to a pn junction. 
(a) widens the depletion zone. 
(b) increases the potential difference across the 
depletion zone. 
(c) increases the number of donors in the n side. 
(d) increases the electric field in the depletion zone. 
[CBSE PMT 2005] 


Carbon, Silicon and Germanium atoms have 4 Valence 
electrons each. Their valence and conduction bands are 
separated by energy band gaps represented by (E_)_., 
(Eso Edoe respectively. Which one of the following 
relationship is true in their case? 


(a) Œ) c> (Eps (b) (ED c < Eps 
(Cc) (E) o= (Esi (d) (E) e< (Ede. 
[CBSE PMT 2005] 


The electrical conductivity of semiconductor increases 
when electromagnetic radiation of wavelength shorter 
than 2480 nm is incidenton it. The band gap in eV for 
semiconductor is 
(a) 1.l eV 
(c) 0.5 eV 


(b) 2.5 eV 
(d) 0.7 eV 
[AIEEE 2005] 


In acommon base amplifier, the phase difference between 
the input signal voltage and output signal voltage is 
(a) 7/4 (b) x 

1 
(c) 0 (d) J 

[AIEEE 2005] 

In a full wave rectifier circuit operating from 50 Hz 
mains frequency, the fundamental frequency in the 
ripple would be 


(a) 50 Hz 
(c) 25 Hz 


(b) 100 Hz 
(d) 70.7 Hz 
[AIEEE 2005] 


10. 


11. 


W. 


13, 


14. 


15. 
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Which of the following gates is a universal gate 
(a) OR (b) AND 
(c) NOT (d) NAND 
[AIIMS 2005] 


Consider an npn transistor amplifier in CE configuration. 
The current gain in the transistor is 100. If the collector 
changes by 1 mA. What will be the change in emitter 
current? 

(a) 1.1 mA 
(c) 0.01 mA 


(b) 1.01 mA 
(d) 10 mA 
[AIIMS 2005] 


In a semiconducting material the mobilities of electron 
and hole are u, and uw, respectively. Which of the 
following is true? 


(a) u,> H, (b) u=., 

(c) u,>H, (d) u,>0;u,>0 

The voltage gain of the amplifier shown in Fig 19.36 is 
(a) 10 (b) 100 

(c) 9.9 (d) 1000 


A. The logic gate NOT can be built using diode. 
R. The output and input voltage of the diode have 180° 
phase shift. 


(a) A and R are true and R is correct explanation of A. 
(b) A and R are true but R is not correct explanation 
of A. 
(c) A is true but R is false. 
(d) both A and R are false. 
[AIIMS 2005] 


A. The number of electrons 1n a p-type semiconductor 
is less than number of electrons in a pure silicon 
semiconductor at room temperature. R. It is due to law 
of mass action. 
(a) Aand R are true and R is correct explanation of A. 
(b) A and R are true but R is not correct explanation 
of A. 

(c) A is true but R is false. 
(d) A and R both are false. 

[AIIMS 2005] 


A. In a CE transistor amplifier the input current is 
much less than output current. R. The common emitter 
transistor amplifier has very high input impedance. 
(a) Aand R are true and R is correct explanation of A. 
(b) A and R are true but R is not correct explanation 
of A. 

(c) A is true but R 1s false. 
(d) A and R both are false. 

[AIIMS 2005] 


The amplification factor of a triode valve is 15. If 
the grif voltage is changed by 0.3 V. The change in 
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16. 


17. 


18. 


19. 


20. 


21. 


22: 


plate voltage in order to keep the current constant 
(in volt) is 
(a) 0.02 V 
(c) 4.5 V 


(b) 0.002 V 
(d) 5.0 V 
[BHU 2005] 


In a full wave rectifier, input ac current has a frequency 
v, the output frequency of the current is 


(a) 2v (b) X 
2 
(c) v (d) none 


[BHU 2005] 


The forward voltage of the diode is increased, the width 
of depletion layer 
(a) increases. 
(c) fluctuates. 


(b) decreases. 
(d) no change. 
[CET Karnataka 2005] 


Identify the property which is not characteristic for a 

semiconductor. 

(a) At a very low temperature it behaves as an 
insulator. 

(b) At higher temperatures two types of charge carriers 
will cause conductivity. 

(c) The charge carriers are electrons and holes in the 
Valence band at higher temperature. 

(d) The semiconductor is electrically neutral. 


The type of transition in Fig 19.37 takes place in 


(a) Si (b) Ge 

(c) C (d) GaAs 

If V= V sin ætis input then find the voltage at P. 
3 

(a) Vp (b) 7N 

(©) = d 27V, 


The current through diode D, is 


D 100r 


T 
< 


100r 
5V 
(a) 2.5 mA (b) 25 mA 
(c) zero (d) 33 mA 


The capacitance shown by reverse biased pn junction 
is termed as 

(a) fixed capacitance. 

(b) drift capacitance. 


23. 


24. 


25. 


26. 


2. 


28. 


29. 


30. 
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(c) diffusion capacitance. 
(d) plate capacitance. 


A silicon diode has knee or cut-in voltage equal 
to ...... Volts. 


(a) 0.2 V (b) 0.3 V 
(c) 0.6 V (d) 0.8 V 
(e) none 


Tunnel diode is another name for 


(a) power diode. (b) varactor diode. 
(c) Photo diode. (d) Esaki diode. 
(e) zener diode. 


To make a Full wave rectifier, the ac input be applied 
across 


A 
D B 
C 
(a) BD (b) BC 
(c) AD (d) AC 
(e) AB 


Ebers Moll model describes the working of a 
(a) pn junction diode. 

(b) BJT. 

(c) MOSFET. 

(d) UJT (unyunction transistor). 


A transistor has h,,, = 95, find h,,,. 
(a) 1.9 (b) 0.20 
(c) 0.94 (d) 0.99 


If temperature rises by 10°C which of the following 
current doubles. 


(a) Ie (b) I, 
(C) Logo (d) J, 
(e) none 


An amplifier has low output impedance and high input 
impedance. It is a 

(a) CB amplifier. 

(b) CE amplifier. 

(c) CC amplifier. 

(d) Pushpull class B amplifier. 


The circuit shown in Fig 19.41 used in nuclear 
physics as 

(a) acoincidence circuit. 

(b) an anti coincidence circuit. 

(c) delayed coincidence circuit. 

(d) none of these 
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31. 


32. 


= ee Ye 


en o a E 


In which of the following circuits capacitor is 
discharged if it was charged initially? 


(a) (b) 
(d) 


(c) 

From the truth table find the gate it represents 
A B Y 
0 0 1 
0 1 0 
1 0 0 
1 1 1 

(a) XOR (b) Associated NAND 

(c) XNOR (d) NOR 

EXPLANATIONS 

(c) is false 

(c) 

(c) 


(a) The allotrope of C (diamond) is insulator. 
(EE) c> Eds, 
1240 


E (eV) =——— 
(c) E (eV) Inm) 


(c) In CE amplifier only a phase shift of n exists. 
(b) fou = 2 digit 
(d) 


(b) B = 100 anda =Ê _=100,; 
1+6 101 


1mA 
Al, 


Ale 100 = 
Al; 101 


Given 


ALS 1.01 mA. 


33. 


34. 


35. 


10. 


11. 


12; 


13. 
14. 


1915 


A circuit used as local oscillator in Radio receivers 1s 
(a) op-amp. (b) AF oscillator. 
(c) RF oscillator. (d) phase locked loop. 


For an input sinusoidal wave train in figure, the output 
wave form Is.......... 


+6V 


—6V 


The conductivity of a pure semiconductor is roughly 


oc T? e “7arr where AE is band gap. The band gap for 
Ge is 0.74 eV at 4 K and 0.67 eV at 300 K. By what 
factors does the conductivity of pure Ge increases as 
the temperature rises from 4 K to 300 K. 

(a) 10° (b) 10% 

(c) 102° (d) 104°! 

Find binary equivalent of (75.50), 

(a) 1001011.11 (b) 1001011.10 

(c) 10011.11 (d) 1100101.01 


(a) mobility of electrons is 2 to 3 times larger than that 
of hole. 


100 KQ 


(d) NOT gate is made using CE transistor configuration. 


(a) According to law of massaction h, n, = n, 


(c) See table 19.2. The input impedance is moderately 
high. 


A 28. 
P 
C = — 
k AV, 29. 
=> 15 = AV, or AV, =45V 30. 
0.3 
(a) 
(b) 
(c) Electrons exist in conduction band and holes exist 31. 
in Valence band. 
32. 
(d) This is an example of direct band gap used in LED 
and Lasers. 
33. 
34. 


elctron 
energy 


ZA, 


22. 
23. 
24. 
25. 
26. 
Zi 


(b) Z= 25 mA. 
(c) 
(c) 
(d) 35. 
(d) and output is taken across BD. 
(b) 
(A) hpa = 0 Ip, = B 
95 
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(c) 
(c) 


(b) 
A——o 
Y 
B 
(a) 
(c) Y= A B+AB 


or Y=AB+AB 
(c) 


(d) Shunt clipping circuit operation 


+4V 
(a) 
-3N 
+4 V 
(b) 
-2V 
+4V 
-3V 
+3 V 
(d) 
-2Y 


67 
Cie a) 2k x300 


(d) = 4 74 
4K eo 2kx4 
= 
(75) e8x1.38x10~ 
g 800x1.38x10~° 


(a) 1001011.11 


a0 
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PRACTICE EXERCISE 2 


(SOLVED) 
1. Find the resistance between A and B in the Figure (a). 
(a) 7.52 (b) 30Q 
(c) 152 (d) 3.752 
Solution (c) The equivalent circuit in the Figure (b) is 
ISQ 150 ISQ 150 


ane? ar 


2. The drift current in the diode of the circuit shown in 
the Figure is 20 uA. Find the potential drop across 


the diode. 
(a) 5.02 V (b) 4.98 V 
(c) 5.0 V (d) OV 
Solution (b) V a = 5- ZR 
= 5—20 x 10% x 100 = 4.98 V 
5V 
100 Q 


3. Evaluate X=ABC+BCA +CAB 
(b) AB+BC 
(d) AB+AB 


(a) AB+AC 
(c) AC+AC 


Solution (b)X= BC (A+A)+ AB(C+O 


= BC+AB. 
4. Evaluate P = AB + ABC 
(a) AB (b) C 
(c) ABC (d) BC 


Solution (a) AB (1 + C) =AB 


5. Evaluate Y, = AB + AB and Y, =A + AB . 
(a) 0V, A+B (b) 1A+B 
(c) A,B (d) AB, AB. 


Solution (b) Y, = AB + AB, 


Put AB=XthenY = X+X=1. 
Y,=A(1+B)+ A B=A+(A+A)B=A+B 
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6. In a pn junction, depletion region width is 400 nm 
when an electric field 6 x 10° V/m exists in it. (a) 
Find the height of potential barrier. (b) Find the 
minimum KE of electron which can diffuse from n- to 
p-side. 


Solution V,=ExW, . =6 x 105 x 400 x 10°=0.24 V 


and KE of electron = 0.24 eV. 


7. The band gap in ZnO 1s 3.2 eV. If an electron from 
Conduction Band combines with a hole in Valence 
band then find the maximum wavelength of photon 


emitted. 
(a) 387.5 nm (b) 297.5 nm 
(c) 437.5 nm (d) 367.5 nm 
124 
Solution (a) / (nm) = eS N =387.5 nm 


8. In which region transistor with h,,, = 80 operates. Also 


find R F 


Solution Since V -< Voc and not equal to zero. Therefore, 
iransislor aperats in active region. 


Apply KVL in output port J. = -———- 2 mA; 
I, = 2x10" =25 x 105A. 
80 
Apply KVL in input port 
c= ee = 92 kQ. (0.7 Vis V,,.1n Active region). 
25x10" 


9. Coincidence circuit used in nuclear physics is 
equivalent to 


(a) OR gate. (b) AND gate. 
(c) NAND gate. (d) XOR gate. 
Solution (b) 


10. Find V in the given circuit. 


Solution V =0.3 | 104S |+ 1) 10KS | 4 1 9) 10 
KQ 10kQ 5 


=3+1+24=64V 


11. 


10kQ 


Name the circuit shown and find frequency of 
oscillation 


PRACTICE EXERCISE 3 
(UNSOLVED) 


A transistor has a base current of 1!mA and emitter 8. 


current 100mA. The collector current will be 


(a) 100mA (b) 1 mA 

(c) 99 mA (d) none of these 

In the above problem, the current transfer ratio 9. 
will be 

(a) 090 (b) 099 

(c) ll (d) none of these 


In Q 1, the current amplification factor ($) will be 


(a) 89 (b) 95 m 
(c) 99 (d) 101 i 
A transistor has a = 0.95. If the emitter current is 10mA, 

then collector current will be 

(a) 95 mA (b) 10mA 

(c) 095 mA (d) none of these 7 
In the above problem, the base current will be 

(a) OlmA (b) 02 mA 

(c) 03 mA (d) 05 mA 

In Q. 4 the current amplification factor will be 

(a) 11 (b) 19 12. 
(c) 35 (d) 79 


In a transistor amplifier, $ = 62, R, = 500082 and 
internal resistance of the transistor is 5002. The voltage 
amplification of the amplifier will be 

(a) 500 (b) 620 

(c) 780 (d) 950 


Solution (b)f = 


12. 
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(a) RC phase shift oscillator, 320 Hz 
(b) Wein’s bridge oscillators 160 Hz 
(c) Hartley oscillator, 320 Hz 
(d) Clapp’s oscillator, 160 Hz 


1 
2aRC 27x10 x10% 


= 160 Hz 


A free running multivibrator generates 
(a) square wave 

(b) sine wave 

(c) triangular wave 

(d) Sawtooth wave 


Solution (a) 
13. 


Schmitt trigger converts 

(a) square wave to sine wave. 

(b) square wave to triangular wave. 
(c) sine wave to square wave. 

(d) sine wave to triangular wave. 


Solution (c) 


In the above problem, the power amplification 
will be 

(a) 25580 
(c) 38440 


(b) 33760 
(d) none of these 


The change in the collector current, in a transistor of AC 
current gain 150, for 100uA change in its base current 
will be 

(a) OISA 
(c) ISA 


(b) OOISA 
(d) none of these 


NOR gate is a combination of 
(a) OR gate and NOT gate 
(b) OR gate and AND gate 
(c) OR gate and OR gate 

(d) none of these 


NAND gate is the combination of 
(a) AND gate and NOT gate 

(b) AND gate and OR gate 

(c) NOT gate and OR gate 

(d) NOT gate and NOT gate 


The given truth table is for 


A X 
0 1 
1 0 
(a) OR gate (b) AND gate 


(c) NOT gate (d) none of these 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


Zl. 


22. 


23. 


The only function of a NOT gate is to 24. 


(a) 
(b) 
(c) 
(d) 


The output of a two input OR gate is 0 only when its 
(a) either input is one (b) both inputs are one 
(c) eitherinputis zero (d) both inputs are zero 


An AND gate 

(a) implements logic addition 

(b) is equivalent to a series switching circuit 
(c) is equivalent to a parallel switching circuit 
(d) is a universal gate 


Digital circuits can be made by respective use of 
(a) AND gates (b) OR gales 
(c) NOT gates (d) NAND gates 


stop a signal 
recomplement a signal 
invert an input signal 
act as a universal gate 


26. 


One way in which the operation of an NPN transistor 

differs from that of a PNP transistor is that 

(a) the emitter junction is reverse biased in NPN 

(b) the emitter junction injects minority carriers into 
the base region of the PNP 

(c) the emitter injects holes into the base of the PNP 
and electrons into the base region of NPN 

(d) the emitter injects holes into the base of NPN 

NPN transistors are preferred to PNP transistors because 

they have 

(a) low cost 

(b) low dissipation energy 

(c) capable of handling large power 


(d) 
high mobility of energy 


If the base and collector of a transistor are in forward 


bias, then it can not be used as 30. 


(b). an amplifier 
(d) all the above 


(a) aswitch 
(c) an oscillator 


A transistor having a = 0.99 is used in a common- 
base amplifier. If the load resistance is 4.5 kQ and the 
dynamic resistance of the emitter junction is 502, the 
voltage gain of the amplifier will be 


(a) 791 (b) 891 

(c) 991 (d) none of these 31 
In the above problem, the power gain will be 

(a) 882 (b) 982 

(c) 782 (d) none of these 

The binary equivalent of 25 is 

(a) 111001 (b) 11001 ae 
(c) 10001 (d) 10011 

The decimal equivalent of 1111 is 

(a) 25 (b) 35 

(c) 15 (d) 5 


27. 


28. 


electrons have high mobility than holes and hence 209. 


9.19) 


To get AND gate from NAND gate, we need 

(a) two NAND gates 

two NOT gates obtained from NAND gates 

one NAND gate and one NOT gate obtained from 
NAND gate 

3 NAND gates and one NOT gate obtained from 
NAND gate 


(d) 


If the frequency of input alternating potential is n, then 
the ripple frequency of output potential of full wave 
rectifier will be 
(a) 2n 


(c) = 
2 


(b) n 
(c) = 
4 


In NPN transistor the arrow head on emitter represents 
that the conventional current flows from 

(a) base to emitter (b) emitter to base 

(c) emitter to collector. (d). base to collector 


The expression for the efficiency of full wave 
rectifier 1s 


@ == %) w n= a 
1+— 1+ 
R; R, 
20.3 100 
(©) n= a () n=— h 
1+— iS 
R, R, 
The value of ripple factor for half wave rectifier is 
(a) 121% (b) 406% 
(c) 812% (d) 482% 
How many diodes are used in a bridge rectifier? 
(a) 1 (b) 2 
(c) 3 (d) 4 


The T.V. signals transmitted from moon are received 
on earth whereas signals transmitted from Jodhpur 
can not be received at places farther than 100 Km 
because 
(a) there is no atmosphere as compared to that on earth 
(b) there is no atmosphere as compared to that on moon 
(c) tv signals propagate in straight lines and not along 
the curvature of earth 
(d) strong gravitational field acts on TV signals 
When two semiconductors of P-type and N-type are 
brought in contact with each other, the P-N junction 
formed behaves like 


(a) an oscillator 
(c) an amplifier 


(b) acondenser 
(d) aconductor 


On increasing the reverse voltage in a P-N junction 
diode the value of reverse current will 

(a) gradually increase 

(b) suddenly increase 

(c) remain constant 

(d) gradually decrease 
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33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


On increasing current in a semiconductor diode, the 
contact potential will 
(a) increase 

(c) remain constant 


(b) decrease 
(d) become zero 


In forward bias the depletion layer behaves like 
(a) an insulator (b) a conductor 
(c) a semiconductor (d) all of the above 


The contact potential across the junction plane in a 
junction diode is 

(a) zero 

(b) positive at P and negative at N 

(c) infinity 

(d) negative at P and positive at N 


The output potential in a full wave rectifier is 
(a) alternating (b) fully direct 
(c) fluctuating direct (d) all of the above 


Transistor is presumed to the more suitable for amplifier 
then a triode, because 

(a) its output impedance is high 

(b) no heat is required in it 

(c) it can tolerate high power 

(d) it can tolerate high temperature variations 


On reverse biasing the P-N junction, its potential barrier 
becomes 
(a) narrow 
(c) zero 


(b) broad 
(d) constant 


In a junction transistor the emitter, base and collector 
are respectively analogous to the following in 
a triode. 

(a) cathode, grid and plate 

(b) plate, cathode and grid 

(c) grid, cathode and plate 

(d) plate, grid and cathode 


In depletion layer there are 

(a) only holes 

(b) only electrons 

(c) both holes and electrons 
(d) neither electrons nor holes 


The order of magnitude of current in the reverse bias 
connection of a junction diode is 

(a) mA (b) uA 

(c) A (d) KA 


In an NPN transistor the values of base current and 
collector current are 100uA and 9 mA respectively, the 
emitter current will be 
(a) 91 mA 
(c) 91 uA 


(b) 182 mA 
(d) 182 uA 


In binary system, 11000101 represents the following 
number on decimal system 
(a) 4 

(c) 197 


(b) 401 
(d) 204 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


D1: 


a2. 


52: 
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Which gate is represented by the symbolic diagram 
given below 
(a) AND gate 
(c) OR gate 


(b) NAND gate 
(d) NOR gate 


In common emitter amplifier circuit, phase reversal 
takes place when output is taken between 

(a) base and collector 

(b) collector and emitter 

(c) both of the above 

(d) none of these 


A transistor amplifies a weak current signal because 
collector current is 
(a) 2 times i, 
(c) £ times I, 


(b) # times i, 
(d) £ times I, 


In common collector circuit, output resistance is 
(a) very high (b) moderate 
(c) low (d) very low 


In common collector circuit, voltage gain 1s 
(a) less than one (b) more than one 
(c) one (d) none of these 


Fora transistor, the current amplification factor is 
0.8. The transistor is connected in common emitter 
configuration. The change in collector current when 
the base current changes by 6 mA is 

(a) 6mA (b) 48 mA 

(c) 24mA (d) 8mA 


The alternating current gain of a transistor in 
common base arrangement is 0.98. Find the change 
in collector current corresponding to a change of 5.0 
mA in emitter current. The change is base current 
will be 

(a) 107A (b) 107A 

(c) 10°A (d) 107A 

In a transistor circuit, when the base current is 
increased by 50 uA, keeping collector voltage fixed 
at 2 volt, the collector current increases by 1.0 mA. 
The current amplification factor of the transistor 
will be 

(a) 10 (b) 20 

(c) 30 (d) 40 

The value of a transistor is 0.9. What would be the 
change in the collector current corresponding to a 
change of 4 mA in the base current in acommon emitter 
arrangement? 
(a) 36mA 
(c) 18 mA 


For a transistor, in common emitter arrangement, the 
alternating current gain f is given by 


(a) p-(5 


< \. = constant 


(b) 72mA 
(d) none of these 


Al 


b 


Al 
(b) B=| — |V. =constant 
Al. 


| Electronic Devices 


54. 


33. 


56. 


57. 


58. 


59. 


60. 


61. 


Al 


e 


(c) B= Ga y = constant 


Al 
(d B= £ y = constant 
Al. 


For a transistor, in common base arrangement, the 
alternating current gain is given by 


Al 
(a) a= Ge y = constant 


b 


Al 
(b) a@=|— |V.=constant 
Al. 


Al 
(c) a= Ge y = constant 


(d) a= i y = constant 
Al. 

In a transistor, the emitter circuit resistance is 1002 and 
the collector resistance is 100k 2. The power gain, if 
the emitter and collector currents are presumed to be 
equal, will be 
(a) 10! 

(c) 10° 


(b) 10? 
(d) 10% 


In a common base circuit at V = 3V, a change in emitter 
current from 12.0 mA to 18.5 mA produces a change in 
collector current from 11.8mA to 17.4 mA. The current 
gain will be 
(a) 09521 
(c) 07351 


(b) 08615 
(d) none of these 


In a common base circuit, if the collector base 
voltage is changed by 0.6V, collector current changes 
by 0.02mA. The output resistance will be 
(a) 10°Q (b) 2x 10° Q 
(c) 3x 10°Q (d) 4x 10°Q 


For a common base amplifier, the values of resistance 
gain and voltage gain are 3000 and 2800 respectively. 
The current gain will be 
(a) 093 
(c) 073 


(b) 083 
(d) 063 


In the above problem, the power gain of the amplifier 
will be 

(a) 13512 
(c) 21736 


(b) 15753 
(d) 26133 


In a common base circuit œ = 0.96. If base current is 
60uA, then emitter current will be 


(a) 05 mA (b) 15mA 

(c) OA (d) 15A 

In the above problem, the collector current will be 
(a) 044A (b) 144A 

(c) 044 mA (d) 144 mA 


62. 


66. 


67. 


68. 


69. 


70. 


71. 


T2. 
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The current gain for a common emitter amplifier 
is 54. If the emitter current is 6.8 mA, then base current 
will be 


(a) 0486 mA (b) 0239 mA 

(c) 0124 mA (d) none of these 

In the above problem, the collector current will be 
(a) 6676 mA (b) 5382 mA 

(c) 4987 mA (d) none of these 


In a given transistor, the emitter current is changed by 
2.1mA. This results in a change of 2 mA in the collector 
current and a change of 1.05 V in the emitter-base 
voltage. 

The input resistance is 


(a) 5000 Q 
(c) 10002 


(b) 3000Q 
(d) 500Q 


In the above problem, the AC gain of the transistor (œo) 
will be 

(a) 090 
(c) 099 


(b) 095 
(d) none of these 


In Q. 65, if the transistor is used in common emitter 
configuration, then the value of £,- will be 

(a) 9 (b) 19 

fc) X (d) 39 


Which property of solid gives them a sharp melting 
point? 

(a) Greater viscosity 

(b) Higher rate of cooling 

(c) High melting point 

(d) Bond strength remains constant 


Which of the following properties can be different along 
different directions in a crystalline solids? 

(a) Electrical conductivity 

(b) Refractive index 

(c) Mechanical strength 

(d) All of the above 


The unit cell of the shape of match box 1s called 
(a) cubic (b) tetragonal 
(c) orthorhombic (d) rhomboheral 


Semiconductor devices are 
(a) temperature dependent 
(b) voltage dependent 

(c) current dependent 

(d) none of these 


The forbidden energy gap in an insulator is of the order 
of 

(a) 1 Mev 
(c) 4 Mev 


(b) 01 Mev 
(d) 5 Mev 


In an N-type semiconductor, donor valence band is 
(a) above the conduction band of the host crystal 
(b) close to the valence band of the host crystal 

(c) close to the conduction band of the host crystal 
(d) below to the valence band of the host crystal 
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73. The forbidden energy gaps in Ge and Si are 0.7 eVand 74. A p-type semiconductor has acceptor level 57 mev 


1.1 eV respectively. It implies that above the valence band. The maximum wavelength of 
(a) both Ge and Si are perfect conductors at very light required to create a hole is 
low temperature but very good insulator at room (a) STA (b) 57x 103A 
temperature (c) 217100A (d) 1161 x 10A 
(b) both Si and Ge are perfect insulators at all 
temperatures 75. A silicon specimen is made into a p-type semiconductor 
(c) both Si and Ge are good insulators at low by doping, on an average one indium atom per 5 x 10’ 
temperatures but start conduction at room silicon atoms. If the number density of atom in the 
temperature with Si a somewhat better conductor silicon specimen is 5 x 1078 atoms/m’, then the number 
than Ge of acceptor atoms in silicon per cm? will be 
(d) same as (3) but with Ge showing better conductivity (a) 25 x 10% (b) 10 x 10% 
at room temperature (c) 10 x 10> (d) 25 x 10%% 


Answers to Practice Exercise 3 


1. (c) 2. (b) 3. (c) 4 (a) 5 (d) 6. (b) 7. (b) 

8. (c) 9. (b) 10. (a) 11 (a) 12. (c) 13. (c) 14. (d) 
15. (b) 16. (d) 17, (c) 18 (d) 19. (b) 20. (b) 21. (a) 
22. (b) 23. (c) 24. (c) 25. (a) 26. (a) 27. (a) 28. (a) 
29. (d) 30. (c) 31. (b) 32. (b) 33. (b) 34. (b) 35 (d) 
36. (c) 37. (b) 38. (b) 39. (a) 40 (a) 41. (a) 42. (b) 
43. (c) 44. (d) 45. (b) 46 (a) 47 (a) 48. (b) 49. (c) 
50. (d) 51. (b) 52. (a) 53. (a) 54. (c) 55. (c) 56. (b) 
57. (c) 58. (a) 59. (d) 60. (b) 61. (d) 62. (c) 63. (a) 
64. (d) 65. (b) 66. (b) 67. (d) 68. (d) 69 (c) 70. (a) 
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Propagation of electromagnetic waves in the atmosphere: Sky and space wave propagation, Need for 
modulation, Amplitude and Frequency Modulation, Bandwidth of signals, Bandwidth of Transmission medium, 


Basic Elements of a Communication System (Block Diagram only) 


BRIEF REVIEW 


Communication The transfer of information from one 
point to another may be termed as communication. In order to 
convey the information over a long distance, a communication 
system is required. Within a communication system the 
information transfer is achieved usually by superimposing 
or modulating the information on to an electromagnetic 
wave (carrier). The modulated carrier is then transmitted 
to the required destination where it is received and original 
information is retrieved by means of demodulation or 
detection. Sophisticated techniques have been developed for 
this process, using electromagnetic carrier waves operating at 
radio frequencies as well as microwave and millimeter wave 
frequencies or even infrared rays in optical communication. 


Transducer It is a device which converts a physical 
quantity varying with time into electrical signal or vice versa. 
It is of two types: input transducer and output transducer. 
Input transducer converts a physical quantity varying 
with time into electrical signal. For example, microphone 
converts sound into electrical signal, thermocouple or 
thermistor convert temperature into electrical signal. An 
Output transducer converts electrical signal back to a 
physical quantity varying with time. For example, a speaker 
converts electrical signal back to sound. A heater converts 
electrical signal back to thermal variations. 


Passive transducers require a source of emf to operate while 
Active transducers do not require any electrical energy to 
work. For example microphone and thermistor are passive 
transducers while solar cell is an active transducer. 


Channel is used to refer to the frequency range allocated to 
a particular transmission, for example, a TV channel. 


Noise is the introduction of unwanted signal or some 
distortion in the process of transmission and reception. The 
signal gets deteriorated. Since the noise will be received 
along with the signal and if noise is several times the signal, 
it may mask the signal making it unineligible. 


Modulation is of two types: analog and digital. In analog 
modulation some characteristic of high frequency sine wave 
(called carrier) is varied in accordance with the instantaneous 
value of modulating signal. If amplitude of carrier wave 
is varied in accordance with the instantaeous value of the 
modulating signal then amplitude modulation (AM) 
results. If the frequency of the carrier is varied in accordance 
with the instantaneous value of the modulating signal 
then frequency modulation (FM) results. If phase of the 
carrier wave is varied in accordance to the instantaneous 
value of the modulating signal then phase modulation 
(PM) results. FM and PM may be categorized as angle 
modulation. 


Modulation is required for long distance communication. 
If we transmit sound wave directly say at 20 kHz (largest 
frequency of sound) then the length of antenna required = 


oe 3x108 
f 20 «10° 

in present day technology. The other reason in favour of 

modulation is that if all the radio stations transmit at 20 kHz 


(or same frequency) their signal will mix up and nothing 
audible will be heard. 


Amplitude Modulation (AM) Lete =E sin œ tbe the 
carrier wave and e = E sin œ „t be the modulating signal. 
Then modulated signal e is given by 


A 
a =7.5km í A =15 km] which is impractical 


e=(E +E sing f) sin wt. 
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c 


e= z fis Žu sin ot sin œ t 


=E (1+ m, sin @ t) sin œt where m, =— 
is modulation index. It is normally expressed in % and should 
be less than 100%. 


E „=E. £8... E „aE 


From Fig. 20.1 m, = == = ———— =a min 
E, E, 2E, 
— E ni — E nin 
Ea TEn 


e=E (1+m, sin @ t) sin œt 


. m m 
=F sin@w t+ T a +œ )t-— cos (w -o )t. 
c c c C m 2 c m 


shows that spectrum of AM will consist of carrier wave, 
lower slide band (LSB) or component of (w — œ „) and upper 
side band (USB) or component of (œw_ + œ „) as illustrated 
in Fig. 20.2. 


AAAAAANAAAANAA TE 
AAA ig 
A w mei 


c Jm c e dn requenc 

J, J It, (frequency ) 
Fig. 20.2 Spectrum of Amplitude Modulation 

oe = Poa LSB + P isn 


P 2 

or Total = 1 ait a 
R Carrier 2 

2 

Iron — pq a 
I Carrier 2 


If several modulating signals are present then 


2 2 2 
m, „=m; +m, +M; +... 


Moreover, total modulation index should not exceed 
unity. Collector and base modulation are two methods of 
modulation. Collector modulation is preferred as it results 
in better linearity and more power output. 


Types of AM 

A3 —> double side band full carrier. 
A3A —> single side band reduced carrier. 
A3H —> single side band full carrier. 


A3J — single side band suppressed carrier called SSB 
(Single Side band) transmission. 


A3B — two independent side bands with suppressed 
carrier: 


A5C — vestigial side band transmission (used for video 
transmission in TV) 


Frequency Modulation Mathematically, the 
instantaneous frequency of the frequency modulated signal 
is given by f =f (1 +k E „cos œ t) where f is unmodulated 
or average carrier frequency, k is a conversion factor which 
converts voltage to frequency. Since cos œ t will lie between 
+1, therefore, flies between f (1 +k E ) maximum frequency 
deviation ò= kf E, 


We may also write œ =œ _ (1 +k E cos œ f) and angle 
O is given by 
w kE „sin æ „t 


0=|odt=0,t+ 7 


m 


f.KE, sing,,t 
= w t += 


c F. 


ô 
=w,t+—sino,t 


m 


The instantaneous voltage of FM signal ‘thus’ 
becomes 


Ô 
e = A sin| æt +—- sin Ø „t 


m 


=A sin [æ t+ m, sino f] 


Where m 7 is frequency modulation index and 


ô  kE,Í. 


m. = 
f 
Ían Ja 
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Fig. 20.3 FM illustration 


> 
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Figure 20.3 shows FM signal illustration. To describe 
FM spectrum, Bessels function are required. It has been 
found that for m,= 2.4, 5.5, 8.6 and 11.8 and so on carrier 
component completely vanishes. These values are called 
eigen values. These help in finding bandwidth and measuring 
deviation ô. 


To a good approximation for m > 6, bandwidth 


A= 2 (f +5). Otherwise, look into the table for a given 
m, Find the highest J coefficient for which modulation 
index has values < 0.01 then A = 2 x f, x highest needed 
side band. 


Note AM is a long distance transmission as it operates on 
frequencies which are reflected by ionosphere. Moreover, its 
circuits are simpler. However, AM is noise prone. 


FM is short distance transmission. Repeaters are required 
for long distance FM communication. Its circuits are 
complex. However, it is noise immune because it is detected 
from frequency deviation and not from amplitude variation 
(where noise resides). 


Ground or Surface Waves These waves are vertically 
polarised and progress along the surface of the earth. Vertical 
polarization prevents short circuiting of electric component. 
A wave induces current in the ground over which it passes 
and thus, loses some energy by absorption. However, this is 
made up by energy diffracted downwards from a wavefront 
and act like a leakage capacitor as illustrated in Fig. 20.4 
(a) and (b). 


Attenuation also occurs due to diffraction as angle 
of tilt of successive wavefronts increases as shown in 
Fig. 20.4 (c). 


+ — + — 
+ — — + — 
+ + — + + — 
direction of | |*| |* J} IT] top pty yt =i 7 
, + + +| — — — + + +|— = _ 
propagation +| |+ — e iy j E = 1 
+ + 7 — + + ~ — 
+ — — + — 
+ _ + — 
m e +| +] +]+]+]+4+]—|—|—]—|—|+][+] +] +] + 
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From antenna 


—— >» direction of propagation 


Successive wave fronts 


increasing angle 
of tilt 


(c) 
Fig. 20.4 Ground wave propagation 


Electric field at a distance d from antenna due to ground 
waves is given by 


120zhI 
E= nmd and the signal received by the receiving 
antenna of height h, in volts is given by 
120zh,hI 
V (volts) =—— —— where 120 x = 377 Q is 


Ad 


characteristic impedance; J is antenna current, h, = effective 
height of transmitting antenna and A is wavelength. 


VLF Propagation When propagation is over a good 
conductor like sea water at frequencies below 100 kHz 
attenuation is small. Ship communication uses frequency 
10 Hz — 110 kHz. The VLF antennas are inefficient, high 
powered and use tallest mast. 


cky wave propagation -the ionosphere Ionosphere is 
the upper portion of the atmosphere, which continually absorbs 
large quantities of radiant energy from the sun, thus, becoming 
heated and ionized. Temperature, density, composition and type 
of radiation received stratify the ionosphere. The most important 
ionizing agent are uv, a, B, y radiations from the sun as well as 
cosmic rays and meteors. The overall result as shown in Fig. 
20.5 is a range of four main layers. D, E, F and F, in ascending 
order. The last two combine at night to form a single layer. 


The D layer is the lowest existing at an average height 
of 70 km with an average thickness of 10 km. The degree 
of its ionization depends upon the altitude of the sun. It 
disappears at night. It reflects LF and VLF rays and absorbs 
MF and HF waves to a certain extent. 


The E layer is a thin layer of very large density. Like 
D layer it also disappears at night. If reflects MF and surface 
waves and some HF waves in day time. 


The F, layer exists at a height of 180-200 km 
and combines with F, at night. F, layer absorbs HF waves. 
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height (Rm) 


hours 
2 4 6 8 


10 12 14 16 18 20 22 24 
Local time 
Fig. 20.5 Illustration of ionosphere layers 


F, layer is most important reflecting layer for HF. Its height 
is 250-400 km with an average thickness of 200 km and 
average height 300 km. 


Reflection Mechanism As the ionization density 
increases the refractive index of the layer decreases. The 
incident ray is gradually bent and suffers total internal 
reflection as illustrated in Fig. 20.6. Figure 20.7 illustrates 
skip distance and effect of ionosphere on rays of varying 
angle of incidence. Large angle rays are bent while short 
angle of incidence rays escape. 


Projected path 


Ionized 
layer 


Ground surface 
Fig. 20.6 Actual and virtual heights of an ionized layer 


ences 6,..5.cscaped rays 
itie aiei teclayer 
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Se a «——— upper rays 
2 


T 4—— Skip distance 
Fig. 20.7 Effect of ionosphere on rays of varying incidence 


Skip distance is the shortest distance from a transmitter 
T, measured along the surface of the earth at which a sky 
wave of fixed frequency (> f) will be returned to the earth. 
Note that it is frequency specific and depends upon angle 
of incidence. 
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Criticalfrequency (f) Fora given layer, it is the highest 
frequency that will be returned to earth by having been 
beamed straight up at itf =9 VN . 

Maximum usable frequency (muf) Maximum 
limiting frequency is the frequency of the ray incident at 
some specific angle of incidence which will return to the 
earth from ionosphere. 


muf =f sec O also known as secent law. 


Space waves travel in straight lines. They depend upon line 
of sight. Their propagation is limited by the curvature of the 
earth. They are not reflected from ionosphere. 


Radio horizon for space waves = Ž optical horizon. The 


emperical formula gives the radio horizon. d, (k) = 4h, 


Where d is distance from transmitting antenna and A is height 
of transmitting antenna. This formula applies to receiving 


antenna also. Thus, d= d, + d, =4 Jh, +4 Jh, . For, example, 


if h, = 225 mthen radio horizon = 4 h, = 60 km. Figure 
20.8 illustrates radio horizon for space waves. Links longer 
than 100 km are-hardly used in commercial communication 
that is, repeaters are then required. 


Fig. 20.8 Height of transmitting and receiving antenna 


Super refraction or duct The microwaves due to 
decreasing refractive index just 30 m above the ground 
bend complete bending takes place as illustrated in Fig. 
20.9. Microwaves are, thus, continuously refracted from 
the duct and reflected from the ground can travel 1000 km. 


Top of atmosphere duct 


Ground surface 


Waves trapped in duct 
Fig. 20.9 Wave propagation and duct illustration 


Tropospheric scattering As shown in Fig. 20.10, two 
directional antennas are pointed so that their beams intersect 
midway between them above the horizon. If they are UHF 
transmitting and receiving antenna then sufficient radio 


no scattering 


Lost scatter 


Scattlr volume 


Fig. 20.10 Illustration of scattering and propagation of VHF 
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energy reaches to receiving antenna. Best results are seen if 
frequencies are 900 MHz, 2000 MHz and 5000 MHz. This 
tropospheric scattering occurs within 15 km above the ground. 


Satellite and Probe tracking The requirement 
of tracking and communicating with satellites in close 
orbits involve the use of fast rotating circularly polarized 
antennas together with fairly low noise and medium power 
transmitter and receivers. 


Detection Systems The simplest detector uses a peak 
detector (rectifier + capacitor filter) to detect AM wave. The 
diode will rectify and give either positive or negative half 
cycle and capacitor filter gives only peak value. Thereby 
detecting information from the carrier. The simple circuit 
and output is shown in Fig. 20.11. However, the information 
is slightly distorted as we cannot retrieve exact input 
because capacitor charges or discharges nearly linearly for 
short intervals. But to a large extent it is replica of input. 
Normally, we use negative part of the input for detection (in 
the figure positive part is shown), as it helps in achieving 
AGC (Automatic gain control). 


ANN ai 


Out put (information) 


MlM | 


Fig. 20.11 AM detection 


FM can be generated using balanced modulator or varactor 
diode. 


FM detection The simplest FM detection is achieved 
using an LC circuit operated at OFF resonant frequency 
as shown in Fig. 20.12. See how simple it is to convert 


Fig. 20.12 FM detection illustration 
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frequency variation into voltage variation using LC oscillator. 
The frequency variation is converted to current variation and 
hence, voltage variation (if taken across a resistor). 


ASK (Amplitude Shift Keying) Binary ASK is also 
called OOK (ON OFF keying). As is clear from Fig. 20.13. 


When ‘l’ is transmitted wave is present and when 
a ‘0’ is transmitted wave is absent Fig. 20.13 (a). shows 
transmission of binary 10 110. 
FSK (Frequency Shift Keying) During transmission of a 
‘|’, frequency increases (say doubles as shown in Fig. 20.13 
(b). It remains unchanged during transmission of a ‘0°. It is 
another way of frequency modulation. 
PSK (Phase Shift Keying) Phase shift of 180° or change 
of half wavelength is observed during a transition 0 > 1 or 
1 > 0 as illustrated in Fig. 20.13 (c). 


ASK 


Fig. 20.13 ASK, FSK and PSK illustration 


PSK may be used in Telex or Telegraphy. The carrier 
may be phase shifted by +90° for a mark, and by —90° for 
a space. In the four phase systems possible phase shifts are 
+135°, +45°, —45°, —135° so that two bit of information can 
be indicated instead of one as in the other systems. 


Short Cuts and Points to Note 


1. Modulation is required for long distance com- 
munication. Modulation is of two types, analog and 
digital. Analog modulation is subdivided to wave 
modulation and pulse modulation. Wave modulation 
may be divided to amplitude modulation (AM) and 
angle modulation. Angle modulation is of two types: 
frequency modulation (FM) and phase modulation 
(PM). Frequency modulation is noise immune but 
comparatively short distance communication (upto 
50-60 km). Beyond that either repeaters are required 
or satellite is to be used. Amplitude modulation is 
noise prone. AM frequency range for medium wave 
band (Radio) 550 kHz to 1650 kHz and short wave 
band 3 MHz to 10 MHz. 


FM Radio has frequency band 80 MHz to 120 
MHz. 
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2. 


9. 


Modulation index for AM wave 
E | Ola ae oer 


m = —— = 
Í E, E, E, 
— E nax — E ia _ | = E ii 
| tE 2E. 


If several modulating signals are present then 


| 2 2 2 
m — m + m, + m, eocee m < 1 
net net ~° 


. Total Power in AM Wave 


m | I m’ 
P = P l 1 + _ a : Total = l i a 
Total = j 2 


Carrier 


. Maximum deviation in FM ô =kf E , 


ô . 
0 =œ t+— sin @ t. 


Ô _K.E,, 


Frequency modulation index — = 
Ja d 

Bessels functions are required to find analytical 

behaviour, band width etc. 

Band width in FM =2 f x highest needed side band 

if m S 6. 

Band width = 2 (f, + 8) if m,> 6. 

Ground waves propagate along the surface of the 


earth. These are vertically polarised to prevent the 
short circuiting of electrical component. Electric 


: Pe 1207h,1 
field at a distance d is given by E = > 
signal received by an antenna of height h, is given 
by V (vol 1202h,h_I 

ts) = ———. 
y V (volts) pF 


Sky waves and space waves are reflected by 
ionosphere if frequency signal is < 10 MHz. The 


critical f =9 JN where Nis ionization density and 
maximum useable frequency (muf) =f sec O. 


Attentuation factor a = k 


1+81N 
7 


Refractive index = Vk = 


4 
Radio horizon =a pecs horizon. The emperical 


formula is 


d=d,+d,= a (km) =4(Jh, +Jh,). 


Duct or super refraction of microwaves occurs 
due to temperature inversion zones present in 
the space. For UHF rays troposcatter or forward 
scatter propagation occurs. Duct is effective 
if frequency range 900 MHz, 2000 MHz and 
5000 MHz for UHF. 


10. 


Uplink 
frequency 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


Communication ystems | 


In satellite communication uplink and down link 
frequencies differ. Downlink frequency being 
slightly higher. See Figure. 


Satellite 


4—— Booster 


Downlink fre 
quency 


Pulse modulation is of two types — analog and digital. 
PAM and PTM are examples of analog modulation 
while PCM is an example of digital modulation. 
PTM may be of two types PWM (or PDM) and 
PPM. Delta modulation which is a differential PCM 
is another form of digital modulation. 


Receivers may be of two types tuned radio 
frequency (TRF) receivers and super heterodyne 
receivers. Super heterodyene receivers use local 
oscillators and intermediate frequency amplifiers 
before the signal is detected. In this way, reception 
becomes free of signal frequency but depends only 
on intermediate frequency. 


Intermediate frequency (IF) for AM radio is 455 
kHz and 10.7 MHz for FM and IF for TV operating 
at VHF may be set between 26 to 46 MHz and for 
UHF range it is 36 to 46 MHz. Those operating at 
microwave have IF between 60 to 70 MHz. 


A rectifier with peak detection (capacitor filter) 1s 
used in the AM wave detection. FM detection is 
achieved using an LC circuit tuned at OFF resonante 
frequency. 


ASK (Amplitude Shift Keying) is also called ON 
OFF keying (OOK). ASK, FSK and PSK are used 
to transmit binary data using analog means. 


Transmission lines have equivalent circuit LCR 
(at low frequencies) and LC (at high frequencies). 
Twisted pair, twin-line and co-axial cable, optical 
fiber, microwave links, satellite link etc. are used as 
transmission lines. The last two are termed as space 
wave communication. Twisted pairs twin line and 
co-axial cable work in electrical regime. Optical 
fibers operate in IR region. 


Standing wave ratio (SWR) = os = a or SWR= 

Z R : 

a or SWR= a whichever is greater. Bandwidth 
L o 


T0A 


between half power points in an antenna ġ = Fa 
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18. 


19. 


20. 


21. 


22; 


23. 


24. 


25. 


26. 


Zi. 


where D is mouth diameter. and bandwidth between 
nulls ¢, = 2 

Acceptance angle @ in an optical fiber is the 
maximum angle of incidence for which incident 
wave can be propagated through the fiber (by means 
of total internal Reflection) 


1 
s 2 2 
0 ssir + n —n; |. 
a 

Ho 


If a, is attenuation per unit length then a, = 10 

P. 
log —=or I= 1 e”. 

1 

Total attenuation in dB=a.,, L. 
Lasing materials must possess metastable state. 
Metastable state has an average life time ~ ms 
(10° s). In lasing materials the difference of energies 
just above metastable state and metastable state or 


metastable state and just lower state must lie in the 
range of interest. 


Population inversion corresponds to increasing the 
density of electrons in the excited state. 

Febry Perot Cavity or resonator is required to generate 
feedback oscillation or stimulating radiations. 


APDs (Avalanche photo diodes) are best suited for 
detection in fiber optic communication. 


, E 
External power efficiency np = n where n, 
r 


is total efficiency 
_ Total number of output photons 
Total number of injected electrons 


r 
Electrical Reliability R,(dB) =10 log,, f = 20 log 


in 


dou and — 3dB point occurs when Pout = F . 
2 


in in 


Optical Reliability R (dB) = 10 log,, u and — 3dB 
point occurs when Fou = 1 , 

i 2 
Modem (Modulator-demodulator) are used for two 
way communications. In digital systems, modems 
convert analog to digital or vice versa. Telephone 
and Fax are simple modems. 


Transducers are of two types self excited and those 
which require excitation source. Self excited do not 
require battery while others require battery. 


A communication satelliate covers 42% area of 
the whole globe. Therefore at least 3 satellites 
are required to cover the whole globe. Maximum 
number of geostationary (or communication 


28. 


ZA 
30. 


31. 


32: 


33. 
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satellites) which can be operative at a time = 180 
at a spacing of 2° each. 


Note the frequency band and their applications listed 
in Table 20.1. 
Table 20.1 
Frequency band Application 
1. VLF < 100 kHz 
2. Medium frequency 
300 kHZ — 3 MHz 
3. High frequency 


3 MHz — 30 MHz 


Navigation communication 
Medium wave, local and 
distant radio (AM) 
Short wave radio (AM), 
amateur Radio and 
communication Radio. 


4. Very high frequency FM radio, Police 


(VHF) (30 MHz- communication, 
300 MHz) meteorology. 
5. UH F300 MHz TV (bands 4 and 5), aircraft 
— 3 GHz landing system. 
6. Microwaves > 3 Radar, communcation 
GHz satellites, mobile 
telephones 
and TV links. 


Lasers are monochromatic, coherent and collimated. 


Optical fibers are single mode step index, multimode 
step index, single mode graded index and multimode 
graded index type. Single mode type have smaller 
cross-section of the core and multimode fibers have 
larger core cross-section. Parabolic index variation 
is most preferred in present day technology. 


MASER 1s microwave amplification by stimulated 
emission of radiation. It is used as a microwave 
amplifier or oscillator. The principle of MASER is 
identical to that of LASER. Only frequency range 
is < 10"! Hz in masers. 


Light intensity is modulated in optical fiber 
communication as a simplest means of modulation. 
However, all methods like FM, ASK, FSK, PSK, 
digital modulation can be employed even in optical 


communication system. 
If A is the height of antenna then the range to which 
it can serve is r= V2Rh where Ris the radius of the 


earth. 


Caution 


l. 


= 


Considering all pulse modulations as a form of 
digital modulation. 


Only PCM, delta and differential PCM are digital. 
PPM, PDM or PWM, PAM are analog modulation 
techniques. 


= 


l. 


Assuming there is no difference between phase and 
frequency modulation. 


In FM, m, h- and in PM modulating index does 


not vary with modulating frequency. FM is more 
noise immune. 


Assuming AM with both the sidebands is 
advantageous. 


AM with single side band suppressed carrier is better 
as its power is whole intelligence. 


Considering that with several waves, modulation 
indices are added algebraically. 


= 2 2 2 
M ot = fm, +m, +M, +..... l 


Considering all antennas to be isotropic. 

Mostly antennas are directional. For example, 
antennas like dish, butterfly, yag and so on are 
directional. With an isotropic antenna range covered 
is y2Reh . 

Considering that ionosphere reflects all the waves. 
Ionosphere reflects waves of VHF order. UHF and 
microwaves are transparent to ionosphere. The 
critical frequency f =9 4N where N is ion density. 
Assuming any number of geostationary satellites 
can be installed in space. 

Minimum 3 geostationary/communication satellites 
are required to cover the whole globe. Maximum 
number of satellites (communication) which can be 
launched is 180 at a separation of 2°. 

Considering mobile phones operate at HF. 

Mobile phones operate at microwaves. 


Considering modems are used in one way 
communication like radio or T.V. 


Modems are used.in two-way communication. If 
the communication system is digital (for example, 
with computers) then Analog to digital converter 
(ADC) or digital to analog converter (DAC) act 
like modems. 


PRACTICE EXERCISE 1 
(SOLVED) 


For sky wave propagation of a 10 MHz signal, 
what should be the minimum electron density in the 
ionosphere? 

(a) ~ 1.2 x 10"m° 
(c) ~10*m°? 


(b) ~ 10°m°? 
(d) ~ 107 m°> 


(AIIMS 2005) 


10. 


11. 


14. 


15. 
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Assuming transducers only convert time varying 
physical quantities into electrical signal. 


They also convert electrical signal back to physical 
quantities. Such transducers are called output 
transducers. The former type of transducers are 
called input transducers. 


Considering that light (laser) in fiber optics can be 
only intensity or amplitude modulated. 


All possible modulation techniques may also be 
employed in optical communication including AM, 
FM, PM, PAM, PCM and so on. Even ASK, FSK 
and PSK can be used. 


Assuming microwaves can be generated using 
transistors or vacuum tubes only. 


Gunn diode, IMPATT diode, PIN diodes, Tunnel 
diodes can be used: to generate microwaves. 


Not understanding the meaning of Q-spoiling in 
lasers. 


Decreasing the pulse duration without altering the 
average power. 


Not understanding the meaning of duty cycle of a 
pulse train. 


mM» 


loge 


Duty cycle illustration 
fon _ duty cycle (See Figure). 


lon + OFF 
Not understanding the directivity of an antenna. 


Maximum directive gain is called directivity. Fora 
lossless antenna directivity = power gain A, and for 


2 
a antenna with paraboloid reflectors A,=6 2) . 
A 


A. Diode lasers are used as optical sources in optical 
communication 

R. diode lasers consume less energy. 

(a) Both A and R are correct and R is correct 
explanation of A. 

Both A and R are correct but R is not correct 
explanation of A. 


(b) 
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10. 


(c) A is correct but R is false. 
(d) both A and R are false. 
(AIIMS 2005) 


A. Television signals are received through sky wave 
propagation 
R. The ionosphere reflects electromagnetic waves of 
frequencies greater than a certain critical frequency. 
(a) Both A and R are correct and R is correct 
explanation of A. 
(b) A and R are correct but R is not correct explanation 
of A. 
(c) A is correct but R is false. 
(d) both A & R are false. 
(AIIMS 2005) 


Q-spoiling in a laser stands for 

(a) increasing pulse duration time without decreasing 
average power. 

(b) decreasing pulse duration while keeping average 
power constant. 

(c) decreasing pulse duration and average power of 
the laser. 

(d) increasing pulse duration and decreasing average 
power. 


The beamwidth between nulls of a 2 m paraboloid 


is if 6 GHz reflector is used. 
(a) 1.75° (b) 2.25° 
(c) 3.0° (d) 3.5° 


Calculate the gain of a paraboloid antenna of a 2 m 
diameter reflector used at 6 GHz. 

(a) 9600 (b) 5600 

(c) 7600 (d) none of these 


A communication receiver is also capable to receive 
(a) E-mails. (b) Morse-code. 
(c) SMS. (d) MMS. 


If f is signal frequency and f is intermediate frequency, 
then frequency of local oscillator is 


@) f.-f o) Bot 
(c) VAS; (d) f+; 


The image frequency is__ if f, is signal 
frequency and f is intermediate frequency. 


(a) f- b) VA Ji 
(c) f+ 2f (d) Leh 


An 80 MHz carrier is modulated by 400 Hz sine wave. 
The carrier voltage is 5V and the frequency deviation 
is 20 kHz. Find modulation index. 


(a) 25 (b) 50 
(c) 400 (d) 5 
(e) 20 


11. 


12; 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 
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A 100 MHz carrier is frequency modulated by 500 Hz 
sine wave. The voltage of modulating signal is 3.6 V 
and deviation is 24 kHz. If the amplitude of modulating 
signal drops to 2.4 V. What will be the deviation? 

(a) 16 kHz (b) 24 kHz 

(c) 36 kHz (d) 18 kHz 


Ife = 24 sin 10°xtandE = 12 sin 500 x t are carrier 
and modulating signal then the modulation index is 
(a) 50%. (b) 60%. 

(c) 40%. (d) 46%. 


A 600 W carrier is modulated to a depth of 75% by a 
400 Hz sine wave. Find the total antenna power. 

(a) 769 W (b) 796 W 

(c) 679 W (d) 637.5 W 


A transmitter radiates 12 kW power at 80% modulation 
index. The power in carrier is nearly 

(a) 8.21 kW. (b) 6.66 kW. 

(c) 7.4kW. (d) 9.09 kW. 


When only carrier is transmitted antenna current 
observed is 8A.. When it is modulated with 500 Hz 
sine wave antenna current becomes 9.6A. Find % 
modulation. 
(a) 80% 

(c) 94.26% 


(b) 20% 
(d) 83.76% 


If minimum voltage in an AM wave was found to be 2V 
and maximum voltage 10V. Find % modulation index. 
(a) 80% (b) 66.67% 
(c) 64.25% (d) 76.25% 


The antenna current is 8A when only carrier is 
transmitted and 9.6A when AM wave is transmitted. 
If carrier power is 10 kW, find modulating power. 

(a) 14.4kW (b) 1.2 kW 

(c) 2.0 kW (d) 4.4 kW 


Find the acceptance angle, assume core and cladding 
having refractive index 1.52 and 1.48 respectively. 
(a) 20° 30' (b) 23° 16' 

(c) 33° 16' (d) 18° 30' 


Mean optical power launched into an 8 km fiber is 
120 uW and mean output power is 3 uW. Find the 
attenuation per km. 
(a) 2 dB (km)' 
(c) 3.1 dB (km)! 


(b) 2.5 dB (km)? 
(d) 4 dB (km). 


If the band width of a semiconductor is 0.8 eV. Find 
the wavelength emitted. 
(a) 155 nm 
(c) 15.5 nm 


(b) 1550 nm 
(d) none of these 


On a day critical frequency is 10 MHz and on another 
day it is 11 MHz. Find the ratio of electron densities. 
(a) 1.1 (b) 0.9 

(c) 1.21 (d) none of these 
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22, 


ZO: 


10. 


11. 


12. 


13. 


14. 


1% of 10’? Hz of asetellite link was used fortelephoney. 24. 


Find the number of channels (or subscribers) if each 
channel is of 8 kHz. 


(a) 2.5 x 10’ (b) 1.25 x 10’ 
(c) 2.5 x 108 (d) 1.25 x 108 
Pat 
Which of the following is not an analog modulation? 
(a) PAM (b) FM 
(c) -modulation (d) PPM 
EXPLANATIONS 
(a) f = 9 JN or 
f? 15. 
~ 81 
=~ 1.2 x 10? m>” 
(b) diode lasers are small in size and consume less 16. 
energy. 
(d) 
b 
(b) ; 17. 
(d) 4 = 2%10" 0.05 mand ¢ = 2x4 
6 x10° ° D 
14 
_ 0 x0.05 = 35° 
2 
_,(DY_,{ 200) _ 
@a,=6(2) =6(22) = 9600 ìà 18. 
3x10% _ 
6x10° 
(b) 
(OF ae Paes? 19. 
(C) fimage =f, a 2f, 
(b) m,= a = aul = 50. 
Í, 400 
(a) 6,=5, x Em = 24 ae 16 kHz. 
| 3.6 
20. 
(a) m ee 100 = 50% 
“E24 21. 
m? 
(a) i = ene 1+ = 2A 
2 
2 
= 600 ( — | 768.75 W 
23. 
P 12 
@) Pe r A 24. 
14m 7 1.32 
2 25. 
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ASC (Vestigial side band transmission) is used 
in application. 


(a) FM radio 
(c) Cellphone 


(b) AM radio 
(d) Television 


To send E-mail, we require 
(b) detector 
(d) FAX 


(a) modulator 
(c) modem 


Lional S = 2 
(c) m= o{ 1 =f (1.20) 1|2 


= 9426 = 94.26%. 


Ee EnA 40-2 2 
(b) m — __ max min _ 2o 
"LE „PE 10+2 3 


= 66.67% 


(d) Frota -( Total } 


Carrier 


Carrier 
2 
- P =10 (26) = 14.4 kW 
8 


Modulating power P „= 14.4 — 10 = 4.4 kW. 


d 
(a) sin 0, i Jn; + n, = - V1.527 — 1.487 
n. 


sin 6, = f(3)(.04) = 0.35 or 0, = 20° 30'. 


igp i 

Q iB input 

a) — = — 
(a) ] 7 

120 
8 8 
= 2.025 dB (km) 
1240 


(b) A =—— = 1550 nm 
0.8 
2 
(c) (| sizi 
N A 
(b) 1% of 10’ Hz = 10" Hz 


10 
no. of channels = ——~ = 1.25 x 10° 
8 x10 


(c) 


(d) 
(c) Modem 
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PRACTICE EXERCISE 2 
(SOLVED) 


1. When 80% AM is transmitted total power is 10 kW. If 
carrier and one side band are suppressed. What will be 
the power saved ? 


(a) 8.28 kW (b) 8.08 kW 
(c) 7.88 kW (d) 8.78 kW 
m 
Solution (d) P = Pana zil 
10 
ama 1+ = = 7.58 kW 


2 
Power saved = fiat a | 


= 7.58 [1 + .16] = 8.78 kW 


2. The minimum number of bits required to transmit 
correct selection of an event out of 39 equiprobable 


events is 

(a) 5 (b) 4 

(c) 6 (d) 3 
Solution (c)2%=39 .. N=6 


3. The output current of a60% modulated AM generator 
is 1.5A. To what value will the current rise if the 
generator is additionally modulated by another 
audio wave of modulation index 0.7? Also find new 
modulation index. 


2 
Solution I=, I 4 
2 


1 1.5 1.5 
I= = = (6) EVET 
1+— „l+ 
2 2 
2 2 
Lew” C 1+ Z NÉ 
2 yd 
ae 140.184 ee? = 164A 
1.18 2 


m, = |m? +m? = (0.6)? +(0.7) 
= 4.36 +.49 = 0.85 = 0.92 or 92%. 


4. Find the bandwidth required for an FM signal, if 
modulating frequency is 2 kHz and maximum deviation 
is 10 kHz. 

ô 10 


Solution m,=—=—=5 
f 2 


m 


For m,= 5. Highest J coefficient is J8. 


Thus, 8th pair sidebands is the farthest from the carrier 
to be included here. Thus, bandwidth A = 2 x 8 x 2 = 
32 kHz. 
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5. The equation of an angle modulated voltage is e = 10 
sin (105z + 3 sin 10*t). Which form of angle modulation 
is this? Calculate carrier frequency and deviation. 

8 


10 
Solution FM or PM. f. en 4.77 MHz. 


10* 


Deviation d=mf =3 
27 


w), 4.77 MHz. 


6. Channel capacity per bit for a channel bandwidth fand 
number of coding levels N according to Hartley Law 
in the absence of noise is 
(a) 26 fN. (b) 25 flog.N. 

(c) 26 flog, N. (d) 26 flog.N. 

Solution (d) Channel capacity = 26 flog,N (noise free and 

of a noisy channel the channel capacity is 


C=6 fioi- 5) 
N 


7. The centre frequency of an LC circuit is 50 MHz 
Transconductance by a fixed capacitor of 50 pF. 
Linearly with gate voltage between the limits 0-9 mA 
The FET is used in a capacitive reactance modulator 


with Xocas = 8 R,» Find the total frequency variation. 
-3 
Solution Coin = 9 C= I _ 9x0 
2m fn 2mx10x5x8 
-11 
a2 2358-2108 
870 
ft 
Fax. _ a VLC 
on 


Qn, ae iC.) 


Ct Coax | c 
ee 


| ee a 
= = = 1.0352 
foin fÔ 


f+ ò= (f- 8) x 1.0352 
2.03528 = 0.0352f 
_.0352f _ 50x10°(.0352) 
= 2.0352 2.0352 
Total frequency deviation = 26 = 2 x 0.865 = 1.73 MHz. 


8. An optical fiber has numerical aperture 0.4. Find the 
acceptance angle for maridional rays and skew rays 
which change direction by 100° at each reflection. 


Solution @, (meridional) = sin™!(NA) = sin” (0.4) 
= 23°36’ 2r = 100°; r= 50° 
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0 _ (skew rays) = sin” NA 
cosr 
= sin] 9-4 |= 39930", 
cos 50 
9. A ruby laser crystal is 4 cm long (refractive index 
= 1.78). The peak emission wavelength is 0.55 um. 
Determine the number of longitudinal modes and their 
frequency separation. 
Solution Number of modes 
m- 27L _ 2x1.78x4x107 


= 2.6 x10° 
A 0.55x10° 
Frequency separation 
8 
eee a = 2.1 GHz. 


~ Onbk 2x1.78xX4x107 


10. Find the information carrying capacity of 8 kHz band 
width line having signal to noise ratio at the input of 
the receiver = 28 dB. 


Solution 10 log $ = 28 or 
N 
S =antilog 2.8 = 631 
N 
C = 8000 log, (1 + 631) 


= 8000 (9.304) = 74432 bit/s. 


11. The total power efficiency of an injection laser using 
GaAs active region is 20%. The voltage applied is 


PRACTICE EXERCISE3 
(UNSOLVED) 


1. The main disadvantage of PCM is 
(a) its incompatibility with PDM 
(b) the complex circuitry required 
(c) the large bandwidth required 
(d) the high error rate during quantisation 


2. Anon-line, real time data transmission system is most 
likely to require a circuit that is 
(a) simplex (b) semi duplex 
(c) duplex (d) time-shared 


3. Compounding is used 
(a) to protect small signals in PCM from quantising 
distortion 
(b) in PCM transmitters to allow amplitude limiting 
in the receiver 
(c) in PCM receivers, to overcome impulse noise 
(d) to overcome quantising noise in PCM 


4. Which of the following is not a PTM? 
(a) PDM (b) PWM 
(c) PPM (d) PAM 
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3.0 V and band gap is 1.5 eV. Find the external power 


efficiency. 
(a) 10 % (b) 40 % 
(c) 20% (d) 15.3% 
E . 
Solution (a) n= Nne] — |= 20 2i 10 % 
Vep 3.0 


12. A ruby laser crystal 4.4 cm long (ref. index 1.8) 
gives peak emission wavelength 0.55 um. Find the 
number of longitudinal modes and their frequency 


separation. 
. 2nL 
Solution number of modes E 
-2 
_2X1.8X44x107 _ 5 gg x105 


0.55x10° 


Frequency separation 6 f -C 
2nL 


3x10 


-N$ oo GHz. 
5X1 D x10 


13. Characteristic impedance for a coaxial cable is 


@ hog” 6) Eo- 
Jk d Jk d 
(c) 328, a (d) none of these 
Vk 
Solution (b) 


5. Which of the following system is analog modulation 


system? 
(a) PCM (b) differential PCM 
(c) delta (d) PWM 


6. The height of a TV antenna is 200 m. The population 
density is 4000 per km’. Find the population benefitted. 
(a) 32x 10° (b) 32 x 10° 
(c) 32x 10’ (d) 32 x 108 


7. If the pulse repetition frequency is 300 Hz, the 
maximum unambiguous range will be 
(a) 500 km (b) 500 nmi 
(c) 5000 m (d) 500 radar mile 


8. Out of the following, which has the maximum band 
width? 
(a) twin line pair 
(c) coaxial cable 


(b) twisted pair 
(d) none of these 


9. When microwave signals propagate along the curvature 
of the earth, this effect is called 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


(a) ducting (b) tropospheric scatter 
(c) ionospheric reflection (d) Faraday effect 


Which of the following frequencies cannot be used for 
reliable communication beyond horizon without use of 
repeaters? 
(a) 15 MHz 
(c) 5 GHz 


(b) 900 MHz 
(d) 25 kHz 


Critical frequency for E, layer is 
(a) 1- 10 MHz (b) 3- 30 MHz 
(c) 10-30 MHz (d) 5- 12 MHz 


During night, the ionosphere consists of 


(a) D and E layers (b) E and F layers 
(c) D, E and F layers (d) only F layer 


The main component of atmosphere responsible for 
absorption of electromagnetic waves is 

(a) N, (b) water vapours 

(c) N, and water vapour (d) O, and water vapour 


Characteristic impedance of free space is given as 


(a) a (b) Sus, 


0 


(c) |E (d) Mo 
Ho Eo 


In a short circuited line, the first current node lies at a 
distance of 

(a) A/4 from the short circuit point 

(b) A/2 from the short circuit point 

(c) A from the short circuit point 

(d) 3A/4 from the short circuit point 


In an AM broadcasting system, modulation index is 
very unlikely to cross 
(a) 100% 

(c) 80% 


(b) 70% 
(d) 50% 


A receiver has poor IF selectivity and, therefore, it will 
also have 

(a) poor sensitivity 

(b) double spotting 

(c) the variable selectivity 

(d) poor padder capacitor 


The ratio of maximum to minimum frequency for a 
medium frequency broadcasting receiver is 

(a) 2:1 (b) 24:1 

(c) 28:1 (d) 34:1 


A superheterodyne receiver with an IF = 455 kHz is 
tuned to 1250 kHz. The image frequency is 

(a) 795 kHz (b) 1705 kHz 

(c) 1910 kHz (d) 2160 kHz 


Superheterodyne receiver replaced tuned frequency 
receiver because the latter suffered from 

(a) inadequate selectivity at high frequencies 

(b) gain variation over frequency 


va 


22; 


Zo: 


24. 


29; 


26. 


Zi. 


28. 


29. 


30. 
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(c) instability 
(d) insufficient gain and sensitivity 


The saving in power in case of SSB suppressed carrier 
over DSB full carrier with 100% modulation is 

(a) 50% (b) 3333% 

(c) 6667% (d) 833% 


In PM modulation index is 

(a) directly proportional to modulating amplitude 
(b) inversely proportional to modulating frequency 
(c) directly proportional to modulating frequency 
(d) inversely proportional to modulating amplitude 


An FM signal with a modulation index m, is passed 
through a frequency tripler. The wave in output of the 
tripler will have a modulation index of 

(a) 3m, (b) m, 

(c) m, h3 (d) 9m, 

An FM signal with a deviation 5 is passed through 
a mixer and has its frequency reduced 5 fold. The 
deviation in the output of the mixer is 

(a) 6 (b) 85 

(c) 258 (d) 56 

Vestigial sideband transmission is used in 

(a) radio transmission (AM) 

(b) TV transmission (AM) 

(c) radio transmission (digital) 

(d) TV transmission (digital) 


The total power in AM transmission is 


m? 
b) P_. |1+— 
( ) carrier 2 


(d) P arrier (1 + 2m) 


(a) Panell tm) 


carrier ( 


2 
(c) Pan aut | 
4 


A carrier is modulated simultaneously by 3 sine waves 
of modulation indices 0.3, 0.4 and 0.45 respectively, 
the net modulation index is 
(a) 115 
(c) 057 


(b) 067 
(d) none of these 


The band width required by an AM signal is equal to 
(a) fo OPa 


(c) 2f. (d) a 


The number of AM broadcast stations that can be 
accommodated in a 300 kHz band width for the highest 
modulating frequency 15 kHz will be 

(a) 10 (b) 12 

(c) 15 (d) 8 


The Shannon-Hartley theorem states that 

(a) redundancy is essential 

(b) only binary codes may be used 

(c) the maximum rate of information transmission 
depends on the depth of modulation 

(d) the maximum rate of information transmission 
depends upon the channel bandwidth 
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31. 


32, 


33. 


34. 


29; 


36. 


37. 


38. 


39. 


40. 


If the probability of occurrence of message is p x 


then the amount of information conveyed is 
(a) 4 bits (b) 8 bits 
(c) 3 bits (d) 1 bit 


Super solar cycle repeats after every 
(a) 11 years (b) 50 years 
(c) 100 years (d) 1 year 


The frequency which will pass through a D-region having 
refractive index 0.5 and electron density 400 cm” is 
(a) 4002 kHz (b) 30323 kHz 

(c) 2073 kHz (d) none of these 


In an FM system, a 7 kHz signal modulates 108 MHz 
carrier so that frequency deviation is 50 kHz. The carrier 
swing is 

(a) 7143 (b) 8 

(c) O71 (d) 350 


The radio signal used to modulate 60 sin(2x x 10° f) is 
15 sin 300r t. The depth of modulation is 

(a) 50% (b) 40% 

(c) 25% (d) 15% 


The amplitude modulated current is given by i = 125 
[1 + 0.6 sin2900¢] sin 10°t. The depth of modulation is 
(a) 60% (b) 6% 

(c) 36% (d) none of these 


In AM the complete information can be transmitted 
using 

(a) carrier and both the sidebands 

(b) carrier and one sideband 

(c) only carrier 

(d) only one sideband 


The waves used in telecommunication are 

(a) IR (b) UV 

(c) microwave (d) cosmic rays 

If n, and n, are refractive index of core and cladding 
then 

(a) n =n, 
(c) n <n, 
The bandwidth in PDM is determined from 
(a) minimum pulse width 

(b) maximum pulse width 


(b) n >n, 
(d) no confirmed relation 


Answers to Practice Exercise 3 


(c) ae (c) 3. (a) 4 
(c) 9. (a) 10. (c) 11. 
(a) 16. (d) 17. (a) 18. 
(a) 23 (a) 24 (a) 25. 
(a) 30. (d) 31. (b) 32. 
(a) 37. (d) 38. (c) 39. 
(d) 44. (a) 45. (a) 46. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 
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(c) position of pulses 
(d) none of these above 


Modems are 
(a) A/D converters 
(c) both (a) and (b) 


(b) D/A converters 
(d) none of these 


The digital transmission is mostly achieved via 
(a) telephone links (b) satellite links 
(c) computer links (d) none of these 


The optimum frequency for a cable is 
(a) 25 GHz (b) 3 GHz 
(c) 10 GHz (d) 300 GHz 


Quantisation is done in which index increases the band 
width in case of 
(a) PCM 
(c) PPM 


(b) PAM 
(d) PWM 


The increase in modulation index increases the band 
width in case of 

(a) FM 

(b) AM 

(c) vestigial sideband transmission 


(d) none of these 

The channel band width allotted to FM radio is 
(a) 100 kHz (b) 150 kHz 

(c) 200 kHz (d) 300 kHz 


For efficient transmission and reception the height of 
antenna should at least be 
(a) A/2 
(c) A/3 


(b) A 
(d) A/4 


Which of the following is false? Modulation is used to 
(a) 
(b) 
(c) 
(d) 


In a communication system, noise is most likely to 
affect the signal 

(a) at the transmitter 

(b) in the channel or in the transmission line 

(c) in the information source 

(d) at the receiver 


separate different transmission 
reduce the bandwidth 

allow the use of practicable antenna 
ensure transmission to long distances 


5. (d) 6. (c) rA (a) 
12. (b) 13. (d) 14. (a) 
19. (d) 20 (d) 21. (d) 
26. (b) 27. (b) 28. (c) 
33. (c) 34. (a) Shey (c) 
40. (a) 41. (c) 42. (b) 
47. (d) 48 (b) 49 (b) 
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l. 


MODEL TEST 
PA PER 1 


A wire is bent in the shape shown in Figure and carries 
a current J, the magnetic field at the centre O is 


I 


4 


/ N 


(a) “0! (0-n9 (b) XÈ (27-26) 
27r 2r 

(c) Moi (m-0+ tan 9) (d) Moi (m-0+ pe, 
270r 2r m 


A transformer has turn ratio 2. Load current is 20 A. 
Efficiency of the transformer is 80% and output power 
is 2400 W. The primary voltage is 

(a) 240 V (b) 300 V 

(c) 120 V (d) 60 V 


Find the resistance across AB in the given figure. 
Assume each resistance = R 


A B 
5 2 
a) —R b) —R 
(a) 7 (b) 
(c) 2 R (d) none of these 


Which of the following is not a fermion? 
(a) electron (b) neutron 
(c) coper pair (d) proton 


A capacitor 1s half filled by a dielectric of stength k, as 
shown in Figure. If area of plates is A and separation 
is d, then net capacitance is 


Ag, 


AE 
(a) 7 [1 + k] (b) Fi [1 + k] 
(c) a (d) none of these 


6. 


10. 


If each capacitor is C, then capacitance between A and 
B is 


AA 
nne 


(a) C (b) 2C 
C C 
baai d) = 

(c) ; (d) z 


If a square cage of side 10 cm made of wire carrying 
current 2A is placed 10 cm away from a long wire 
carrying current 2A, then the force acting on the wire 
cage is 


10cm 


(b) repulsive 
(d) only torque acts 


(a) attractive 
(c) no force 


When switch S is closed, time taken for the capacitor 
to charge to 9.5 Vis 


1kO 10 uF 
10V 
(a) 3ms (b) 30 ms 
(c) 300 ms (d) none of these 


A spring of spring constant k and length / is cut into 
4 equal parts. Then spring constant of each spring is 


K K 
ini b Ż 
(a) r (b) 
(c) 2K (d) 4K 


The minimum distance between object and its real 
image in case of a lens of focal length f is 


(a) 2f (b) =f 
(c) 4f (d) 3f 


[M4 


11. 


LZ 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


Mobility of a charged particle is defined as 
(a) velocity of the particle per unit mass 
(b) velocity per unit electric field 

(c) velocity per unit volt 

(d) velocity 


Two lenses of Power 4 D and -1.5 D are combined 
together and kept in a medium of refractive index 
greater than that of the lens. The combination 
acts as 

(a) convex lens 

(b) concave lens 

(c) concave mirror 

(d) none of these 


The current Z in the circuit is 


3V 50 2uF 
9Q) 1290 I 
90 12V 
2 4 
a) —A b) —A 
(a) 3 (b) - 
(c) ZA (d) none of these 


Resistivity decreases with increase in in metals. 


(a) temperature (b) pressure 


(c) volume (d) none of these 
Emission spectrum of He will be spectrum. 
(a) line (b) band 


(d) dark bands 
If both the inputs of a two input NAND gate are 


(c) line or band 


shorted then circuit will behave as gate. 
(a) AND (b) NOR 
(c) XOR (d) NOT 


A projectile is thrown at an angle 0 with the horizontal 
with a velocity V. Then Range is R. With what angle 
with respect to the vertical it should be thrown 
with same velocity so that it acquires the same 
range? 


30 
(a) 8 (b) > 
0 
2 d) 20 
(c) A (d) 


The wavelength of H r line of Balmer series is nearly 
(a) 625 nm (b) 582 nm 
(c) 517 nm (d) 487 nm 


XYZ is a triangle formed with 6 Qeach. W is mid point 
of the resistance connected between Y and Z. The 
resistance between A and B is 


20. 


2N 


22; 


23; 


24. 


25. 


Model Test Papers | 


W 6Q 
(a) 4.5 02 (b) 6Q 
(c) 7.5 0 (d) 9 Q 


V,, in the adjoining circuit is 


6V 
A 
2uF 4uF 
B 
12V 
(a) 2V (b) 4V 
(c) -2 V (d) -4 V 


Carbon resistances are used in T.V. receivers because 
(a) resistance does not change with temperature 

(b) resistance does not change with frequency 

(c) resistance does not change with applied voltage 
(d) resistance does not change with current 


Two charges 4uC each are fixed at (0, a, c) and 
(0, —a, 0). A charge -2 uC is brought from (—b, 0, 0) to 


. nee —b 
origin. The nature of equilibrium at or 0, 0) is 


(a) stable 

(b) unstable 

(c) neutral 

(d) sometimes stable and sometimes unstable 


A particle is moving in a potential region given by 
V = (xy + yz + zx) the electric field acting 1s 
(a) -A [+z í +(xtzj+(xty) k] 


(b) A | xf + yj + zk | 


(c) A [(y tz) +(xtz)jt(xt yk] 
(d) -A [yi +g + xk] 


The energy of photon of wavelength 600 nm in eV is 
nearly 

(a) 0.206 eV 

(b) 1.06 eV 

(c) 2.06 eV 

(d) 20.6 eV 


A long wire carries a current J. Find the magnetic field 
at point P if it is bent as shown in Figure. 
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26. 


27. 


28. 


29. 


30. 


N ns 

I 
(ay -A w) A 
4re d 21nd 
Hol p Al 
(c) F (d) Izd 


In a house AC voltage measured by ac voltmeter is 
200 V. If the line frequency is 50 Hz then equation of 
voltage is 

(a) V= 200 sin 100 zat 
(c) V= 142 sin 100 zt 


In an LC circuit L = 0.2 mH and C = 10 uF, the 
fundamental frequency of the circuit is nearly 

(a) 353 Hz (b) 451 Hz 

(c) 2 kHz (d) none of these 


(b) V= 288 sin 100 zt 
(d) none of these 


The focal length of the lens (plano-convex) silvered 
from curved side if its focal length without silvering is 
f will be 


a | 
(a) (u—1)f (b) J- 
_ 2 
(c) @-DF (d) Cuf 
2u u-i 


Tuning fork of frequency 400 Hz is vibrated with 
802 Hz tuning fork. Number of beats heard are 

(a) none (b) 402 

(c) 20 (d) 2 


A spring of spring constant k is fixed to a wall on 
one end and connected to a block of mass m and 
charge g on the other end and placed on a smooth 
horizontal plane. If electric field E is switched 
ON then maximum displacement which can be 
produced is 


qE q'E 
@ t o) L 
o É a % 


k k 


31. 


a: 


33. 


34. 


29: 


36. 


T5 


A Coolidge tube is operating at 20 kV/5 mA. The 
threshold wavelength of x-ray is nearly 

(a) 1A° 

(b) 0.62 A° 

(c) 0.S5S1A 

(d) cannot be predicted 


8 cells each of emf 1.5 V and internal resistance 
0.75 Q were to be connected in series. Two of them were 
connected wrongly. The maximum current through a 
load of 6 Q will be 
(a) 1A 

(c) 0.5A 


(b) 0.75A 
(d) cannot be predicted 


A non conducting solid sphere of radius R is charged 
volumetrically by Q, then electric field intensity at a 
distance x (0 < x < R) 


(a) zero (b) ia? 
Ox Q 
© Trek (D Tre R- x 


The densities of wood and benzene at 0° C are 
880 kg/m? and 900 kg/m? respectively. The coefficient 
of volume expansion are 1.2 x 10°°/°C and 1.5 x 
10-/°C for wood and benzene respectively. The 
temperature at which piece of wood will just sink in the 
benzene is 

(a) 43.3°C 
(e) 73.3°C 


(b) 59.1°C 
(d) 83.3°C 


If the rms speed of oxygen is 345 ms", then rms speed 
of hydrogen at the same temperature will be 

(a) 345 ms! (b) 690 ms"! 

(c) 1035 ms" (d) 1380 ms"! 


The correct PV diagram for a given V-T diagram will 
be 


V 


37. 


38. 


39. 


40. 


41. 


42. 


A B 
© 
(c) V 
P 
B 
A C 
(d) V 


The figure shows a graph between pressure and density 
for an ideal gas at two different temperatures, then 


P (Pressure) 
Ti 


density P 
(a) T =T, (b) T >T, 
(c) T <T, (d) any of (a), (b), or (c) 


The quantity — represents ----- of the gas. 


(b) number of moles 
(d) number of molecules 


(a) mass 
(c) K.E 
The specific heat capacity of a body 
(a) is finite but not zero (b) may be zero 
(c) is infinite (d) -~<Cy<o 
The heat absorbed in the system is 

V (cc) 


| 

I 

! 
300 


P(kPa) 
(a) 31.4J (b) 3.14 J 
(c) 314J (d) none of these 
Mutual inductance of a triode valve is 
dV, dl, 
b oe Se 
(a) dl, (>) WV 
dl 
(c) a) Se 
dl, dV, 


In an adiabatic process on a gas with y = 1.4, the 
pressure is increased by 0.5%. The volume decreases 
by about 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 
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(b) 0.7% 
(d) 0.36% 


(a) 0.5% 
(c) 1% 


Thermal potential 1s equivalent to 
(a) thermal energy (b) temperature 


KA 
(c) thermal coefficient (d) a 


The temperature of a body falls from 40° C to 36° C in 
5 minutes. The temperature in the next 5 minutes will 


be if the temperature of surroundings is 16° C. 
(a) = °C (b) 32° C 
(c) 34° C (d) none of these 


One end of a metal rod is kept in a furnace. In steady 
state, the temperature of the rod 

(a) increases (b) decreases 

(c) remains constant (d) is non-uniform 


Potential energy ofa dipole placed in a uniform electric 
field is 

(a) pxE 
(c) ApE 


(b) pe 
(d) pAE 
A string passes over two pulleys. The masses 5 kg each 


are connected at two ends. The tension in the string is 
nearly 


(a) SON 
(c) 25N 


(b) 100 N 
(d) 75N 


The rain is falling vertically with a speed 5 ms~. A man 
is moving due North with a speed 8 ms". The angle at 
which he should keep his umbrella to protect himself 
from rains is 

(a) tan! (1.6) north of vertical 

(b) tan”! (0.625) north of vertical 

(c) tan” (1.6) along north 

(d) tan~ (0.625) along south. 


Inertial force 1s applied when the frame of reference is 
(a) inertial 

(b) non-inertial 

(c) both (a) and (b) 

(d) Insufficient data to reply 


In the steady state, a spring of spring constant K gives 
an extension y when a load M is applied. The maximum 
extension produced with the same load is 

(a) y (b) 2y 

(c) 3y (d) cannot be predicted. 
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51. 


SPA 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


The radius of gyration of a hollow sphere about its 


tangent is 
2 2 
— R b — R 
(a) 5 (b) 1s 
2 R d i R 
(c) 3 (d) 5 


An open pipe of length Z 1s closed and filled half with 
water. The fundamental frequency 

(a) increases (b) decreases 

(c) remains unchanged (d) none of these 


The amplitude of vibration of any particle in a standing 
wave, produced along a stretched string depends 
upon 

(a) frequency of incident wave 

(b) location of particles 

(c) time 

(d) time period of reflected wave 


A tuning capacitor has 11 plates and maximum 
capacitance between two successive plates is 
5 uF. The maximum capacitance of the tuning 
capacitor is 
(a) 55 uF 
(c) 45 uF 


(b) 50 uF 
(d) 40 uF 


Binary equivalent of (25.75), is 
(a) 11001.10 (b) 11001.11 
(c) 10101.11 (d) 10110.11 


A band pass filter is equivalent to circuit. 
(a) RC (b) RL 
(c) LC (d) any of (a) (b) or (c) 


Resistivity p of a semiconductor is related to 
temperature T as 
(a) pxT 

(c) p æT? 


b) paT? 
(d) p œ T” 


Phase difference of z-radian is introduced between 
input and output voltage in 

(a) common base amplifier 

(b) common emitter amplifier 

(c) common collector amplifier 

(d) All of (a), (b) and (c) 


Bremsstrahlung radiation 1s 
(a) mechanical wave (b) e-m wave 
(c) particle-wave (d) shockwave 


Had the speed of light been Č instead of c, the 


Rydberg’s constant would be 


R R 
(a) a hi 


(c) R (d) 2R 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


wT] 


If A voltmeter (ac) reads 240 V, then it is 
(a) mean voltage (b) rms voltage 
(c) peak voltage (d) peak to peak voltage 


The dimensional formula of eE is 
(a) ML?T? (b) MLT” 
(c) ML'T? (d) ML°T? 


Two particles are moving in concentric horizontal 
circles of radii r, and r, respectively such that they 
always face each other, then the ratio of their angular 
velocities is (Given r, > r,) 


(a) a (b) 1 
(c) —1 (d) 1 
Roh 


If a plane is looping theloop such that its velocity at the 


lowest point is ./6gr,, then its velocity at the highest 
point is 


(a) Jer (b) ./2¢r 
(c) Ber (d) er 


The value of C, in a diatomic gas is 


7 5 

— R b) —R 
@ 5 H > 
(c) 2R (d) = R 


The reduced mass of a system of two particles of mass 
M and 2M is 


2M M 
a) — b) — 
(a) 3 (b) 3 
M 3M 
c) — d) — 
(c) - (d) 7 
In the circuit shown V,, = volts 
A B 
5Q 5Q 5Q 10Q 
10V 
(a) 4V (b) 6V 
(c) 2V (d) 3.5 V 


If the polarizing angle for a medium 1s 60°, then its 
critical angle will be 


l 
(a) 0= sin! (=) 
af 
(c) 0= tan | 5 | 


l 
(b) 0= cos 5) 


(d) none of these 


[M8 


69. 


70. 


71. 


T2: 


vo: 


74. 


75. 


The moment of inertia of a disc of Mass M, radius R 
parallel to diameter of the disc is 


MR’ . 
(a) DE aai 
2 2 
2 2 
(c) 5MR (d) SMR 
4 2 
A particle falls from a height A such that it travels 6 m 
in its last 0.2s then height h is equal to m (Take 
g=10ms7”) 
(a) 42m (b) 48.05 m 
(c) 38.95 m (d) none of these 


In which case V= Var 
V, V, V, V, 

el nT PI pin in} p 

(i) (ii) 


V, V, v, V, 
enter Piva 
(iii) (iv) 


(a) (1) and (11) (b) (i1) and (iv) 
(c) (111) and (iv) (d) (1) and (111) 


If œ = 0.98 for a transistor then B = 
(a) 98 (b) 49 
(c) 9.8 (d) 4.9 


Mosley’s law 1s related with 

(a) frequency of x-rays 

(b) frequency of x-rays and atomic number 
(c) frequency of x-rays and mass number 
(d) speed of x-rays and atomic number 


If maximum electric field is 100 N/m’, then magnitude 
of maximum magnetic field will be 

(a) 3.33 x 10°T (b) 33.3 x 10°T 

(c) 33.3 x 10°T (d) 3.33 x 10°T 


A rod of length / 1s fixed at one end and is rotated at 
an angular speed œ. If a magnetic field B is applied 
perpendicular to the plane of the rod then emf 
induced is 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


Model Test Papers | 


(a) Blo (b) BPo 


(c) BL œ 


(d) Bla? 


Sound waves cannot 
(a) be polarised 
(c) be dispersed 


(b) be diffracted 
(d) produce interference 


The curve between seebeck emf and temperature is 
(b) hyperbolic 
(d) logrithmic 


(a) parabolic 
(c) elliptical 


Ultrasonic waves can be produced in 
(a) open pipe (b) drum 
(c) piano (d) quartz 


If a particle moves along a path described by x = at + 
bf then it has 

(a) constant acceleration (b) constant velocity 

(c) variable acceleration (d) none of these 


Doppler effect in sound cannot be produced if 

(a) source is moving with a speed > speed of sound 
(b) source is moving with a speed > speed of light 
(c) observer is moving with a speed less than speed 
of sound 

source is moving with a speed less than speed of 
sound 


(d) 


In a sonometer experiment a wire of mass per unit 


length u is replaced by * then fundamental frequency 


increases by 


(a) V2 times 
(cy 27 


(b) 2 times 
(d) 27!? times 


Two particles are moving in opposite directions 
in a circle of radius r with same speed, then their 
resultant is 
(a) linear motion 
(c) SHM 


(b) circular motion 
(d) projectile 


The momentum at the highest point in case of a 
projectile fired with a velocity v making an angle 0 
with vertical is (Given mass is m). 

(a) zero (b) mv cos 

(c) mv sin (d) none of these 


The gravitational field inside a sphere of radius R and 
mass M at a point distant x from the surface will be 


GM GM (R - x) 
es by 2s 
@ o> o 2a 
(c) zero (d) — 
R 


The maximum number of geostationery satellites which 
can be put into orbit, working all together is 

(a) 3 (b) 30 

(c) 90 (d) 180 


According to Bohr’s theory the radius of 2nd orbit of 
Het is 
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87. 


88. 


89. 


90. 


(a) 0.53 A° 
(c) 2.12 A° 


(b) 1.06 A° 
(d) none of these 


The electric field due to a short dipole of moment p at 
any point at a distance x from the centre of the dipole 
is 


(a) 2 pcos@ (b) pv1+3cos’ @ 
x? 4ne, x° 

(c) pv3cos* 6-1 (d) pv3cos’ O+1 
4me, x? ATE, x? 


The self inductance of coil is 16 uH when a core 
is added the self inductance becomes 96 uH. The 
susceptibility of the core is 
(a) 5 

(c) 112 


(b) 6 
(d) 80 


In tan A position, the arms of the magnetometer are 
parallel to 

(a) East-West 

(c) magnetic needle 


(b) North-South 
(d) none of these 


Two photo cathodes A and B have work function 
1.0eV and 2.5eV respectively, if a radiation of 4eV is 
incident on them then ratio of maximum velocities of 
photoelectron in two is 


(a) /2 


(c) 27 


(b) 2 
(a) 


V2 


91. Coherent sources to the accurate term are made 
(a) by division of wave front 
(b) by division of amplitude 
(c) both (a) and (b) 
(d) none of these 
92. The ratio of maximum to minimum intensity when one 
of the slits is covered with a paper of transparency of 
light energy > iS 
2 81 
a b 2 
(a) 3 (b) 16 
(c) 25 a 2 
9 
Answers 
1. (0) 2. (b) 3. (a) 4. 
8. (b) 9. (d) 10. (c) 11. 
15. (a) 16. (d) 17. (a) 18. 
22, (a) 23. (a) 24. (o) 25. 
29. (d) 30. (d) 31. (d) 32. 
36. (o) 37. (b) 38. (d) 39. 
43. (b) 44. (a) 45. (d) 46. 
50. (b) 51. (o) 52. (o) 53. 
57. (d) 58. (b) 59, (b) 60. 
64. (b) 65. (a) 66. (a) 67. 
71. (d) 72. (b) 73. (b) 74. 
78. (d) 79. (a) 80. (a) 81. 
85. (d) 86. (b) 87. (b) 88. 
92. (o) 93. (b) 94. (a) 95. 
99. (a) 100. (c) 


93. 


94. 


95: 


96. 


OT: 


98. 


99. 


100. 


aam, p p pl, fl ph, Gln Gi Gi GE p, GE p, p, 
Oononoaon Qannvnadaananano 
Neem Senne” S “Nene” Senne” S S “tare” “tame” “emer” Sesser” “tease” “tense” “See” 


iS] 


A car is accelerated suddenly at 1 ms” while it is 
moving on a circular track of radius 100 m with a speed 
10 ms“'. The net acceleration is 

(a) 1 ms” (b) V2 ms” 

(c) 2 ms” (d) cannot be predicted 


Pitch corresponds to 

(a) linear distance moved in one rotation 
(b) circular distance moved in one rotation 
(c) least count 

(d) none of these 


A charged particle enters a magentic field at 60° then 
its path is 
(a) circular 
(c) helical 


(b) elliptical 
(d) hyperbolic 


Two wheels of radius ratio 1:3 are connected by a 
common belt. The smaller is rotated at a rate 2 rad/s’. 
The angular velocity of bigger wheel after 10 s is 

(a) 20 rad/s (b) 10 rad/s 


20 
(c) = rad/s (d) none of these 
Bragg’s law is related with 
(a) polarization 
(c) interference 


(b) diffraction 
(d) photoelectric effect 


Current density in the largest section of 4 x 3 x 2 cm? 
parallelo piped if it carries a current 2A is 

(a) 3.32 x 10? A/m? (b) 2.5 x 10?Am~ 

(c) 1.66 x 10°?Am~ (d) none of these 


Wires A and B made of Cu and Fe are connected 
in parallel to a voltage source V,. If their diameters 
and lengths are the same then in which case 
heat energy developed in the same time will be 
more? 

(a) in wire A 
(c) equal in both 


(b) in wire B 
(d) none of these 


re ae and F yare net forces between proton and 
proton, proton and neutron, and neutron and neutron 
respectively, then 

(a) Pop = ae = gy 
(c) P i = Eg > Fp 


(b) Fiz > Fy > Fi 
(d) om = F y > Eyy 


5. (a) 6. (c) 7. (a) 
12. (b) 13. (a) 14. (b) 
19. (a) 20. (d) 21. (b) 
26. (b) 27. (a) 28. (c) 
33. (c) 34. (d) 35. (d) 
40. (a) 41. (b) 42. (d) 
47. (a) 48. (a) 49. (b) 
54. (b) 55. (b) 56. (c) 
61. (b) 62. (c) 63. (d) 
68. (a) 69. (c) 70. (b) 
79. (c) 76. (a) 77. (a) 
82. (c) 83. (c) 84. (b) 
89. (a) 90. (a) 91. (c) 
96. (c) 97. (b) 98. (c) 
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13. 


14. 


18. 


19. 


20. 


23. 


26. 


ZT 


28. 


29. 


30. 


EXPLANATIONS 


(c) Find the magnetic field due to curved part and 
straight part of the wire and add them. 


Re bel 278), Hol 


[2sin 6] 
4arcos@ 


5 

(b) Input Power = 2400 x Pig 3000 WI, -2 10 A 
Vi= ae 300 V 
P lio — 

(2.5xR) 5 
a) R,,= = —R 
Eas 3.5R 7 
(b) t= 3r=3 RC 


(d) Spring constant k xo 


18x9 

Diu Hikers ee 
nt ë 18+9 18 3 

(b) P% — 
die dea 

2.55 

4 0.85eV 

H; 
2 3.4eV 


4 
(d) Ving © . 49 =4V, Y=- Vaa 
wead aay 

Ox Oy Oz 


(b) 200V2 sin100zt 
1 10° 


1 
Wae a 2d 


1 2 1 = 2 2 
Op =F raion os eS 
ft _ (u-l) 

f 2u 
(d) 802 — 2(400) = 2 
qE 


(d) kx = qE or x = T 


31. 


Oe: 


34. 


35. 


42. 


44. 


47. 
48. 


50. 


51. 


32; 


59. 
62. 
64. 


65. 


66. 


67. 


68. 


69. 


Ta; 


73. 


74. 


(ee 
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-9 
(by a= KA 062A 
20x10* 
6) pz O R 
6+8(.75) 
880 
m 900 


V(1+1.2x10°T) V(+1.5x10°T) 
or 240 x 10° T = 20 or T = 83.3° C 


(d) V= 4 V; 
(d) PVYy= const cele or 4r 3 
P V V 1.4 
(a) W= = Snl S orT- 16 = 0 = 16.67°C ; 
36—16 T -16 24 
T = 32.67° Œ 
(a) T =5g = 50N 


(a) tan B= = or p = tan“! (1.6) North of vertical 


E 
b) y= —: 
(b) y E 


(c) Mk= = MR + MR or k= fee 


a nae 
(C)F open a y, Jawa 4(%) 


(b) Continuous X-ray 1s called Bremsstrahlung radiation 


E J open 


(c) €,E* represents energy density 


(b) v? — u° = 2(g)h, Vip = 6gr=4 gr=2gr 


(a) Cp=Cv+R=5R+R= IR 
> 2 
(a) Use 4 = = p 
H M, M, 


(a) V,,= 53x10 =4V 


ey ee 
(a) u = tan 60 = V3 = 2 or C= inf 
sin C 3 


(c) = ur? = > MR’ 
a 
(b) B= 7; 
(b) Jf œ (z-a) 
(c) Že =B, 
C 


(a)emfe= aT + PT’ 
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84. (b) Distance from centre is R—x. Then = = a 92. (0) I vox E (1+24) us 
85. (d) Ata slot of 2° each lmm (1 = TAY 
86. (b) User = Er 93. (b)a= Ja, +a; = VP 42 = V2ms? 
96 96. (c)v =v, or NO, = NO, or w, = Ag, 
88. (a)y=u.-l=S;u= ‘6 = 6 h 
»  yhv-hvy [4-10 oo Ol i = par e 


90. (a)— = = ,|—— = V2 
a y = Imm, ~ N4235 = 1.66 x 10° A/m? 
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MODEL TEST 
PAPER 2 


The resistance between A and B is 


A 6Q BO 
8Q 4Q 

40 24.0 i 

(a) 1202 (b) 11 Q 

(c) 1022 (d) none of these 

2. For what value of X the reading in ammeter will be 

Zero 

X P 
4.5 V 200 Q 1.5 V 
Q 
(a) 400 Q (b) 350 Q 
(c) 200 Q (d) none of these 


A 10 V voltmeter is to be made from a 100 uA de- 
Arsenval moment and internal resistance 100-Q. The 
resistance to be connected in series is nearly 


(a) 10°22 (b) 10°Q 

(c) 1072 (d) 9x 10*Q 

The dimensional formula for potential difference is 
(a) [ML*T? A7] (b) MLT?A" 

(c) MLT?A (d) ML? T°A" 


A ball of mass m and. charge q is suspended with a silk 
thread of length / when an electric field is switched 
on then the silk thread makes an angle of 37° with the 
vertical then electric field is 


(a) ms (b) 3mg 
q 4q 
2 mg mg 
— |l d a 

(c) 39 (d) 3g 


Two carnot engines work between temperatures 927°C 
and 0, 0 and 27°C such that their effciencies are equal, 
then 0 will be 
(a) 500 °C 
(c) 600 °C 


(b) 327°C 
(d) none of these 


Lapse rate is relaled to 
(a) radiation 
(c) convection 


(b) conduction 
(d) all of (a), (b) and (c) 


The coulomb forces become ineffective if the distance 
is less than 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


Model Test Papers | 


(a) 1mm 
(c) lnm 


(b) lum 
(d) 1fm 


2 g of hydrogen is heated by 10° C at constant pressure. 
The amount of heat required is 

(a) 207.5J (b) 290.5J 

(c) 415J (d) S581 J 


C, for an ideal gas in an isothermal process is 
(a) zero (b) finite but not zero 
(c) infinite (d) none of these 


Force between the plates of a parallel plate capacitor 
having charge Q, area of plates A, separation between 
plates d, is 


Q Q° 
(a) = Or 
Q° 20° 
(c) 2AE, d) AE, 


If r, and r, are radii of two concentric hollow spheres 
(r <r,) and a dielectric of constant kis inserted bteween 
the two layers then capacity of the system 1s 


(c) 4rer, 


The uniform electric field is obtained due to 
(a) long wire (b) cylinder 
(c) sphere (d) long plate 


Electric field inside a nonconducting sphere is 
proportional to 
(a) R 
(c) R” 


(b) R? 
(d) R> 


Two charged particles are lcm apart. The minimum 
possible force between them is 

(a) 2.3 x 10 (b) 2.3 x 10 

(c) 2.3 x 107 (d) cannot be predicted 


The amount of work done in assembling 3 charged 
particles on the vertices of an equilateral triangle as 
shown in Figure is 
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17. 


18. 


19. 


20. 


Zi, 


22, 


2*x 107°C 
4x10*c gx10%c 
(a) 234] (b) 23.4 J 
(c) 2.34J (d) none of these 


Electric potential energy of a uniformly charged sphere 
is .... electric potential energy of a uniformly charged 
thin spherical shell. 

(a) greater than 

(b) equal to 

(c) less than 

(d) cannot be predicted 


A charge Q is placed at the centre of an imaginary 
hemispherical surface. The flux through the surface of 
hemisphere is 


So 


qa) 2 o) £ 
E, 2€, 
Q 24 
(c) 3e, (d) 46, 


The capacitance of a cylindrical capacitor of radius r, 
and r, (r, >r, ) and length / is 


(a) 276 (b) 27, (r, >r) 
(c) AE (d) 2761 log, 2 
log n i 

r 


1 


The charge on C, in the circuit shown is 


C, C, 
104 F 20 uF 
30V 
(a) 200 uC (b) 300 uC 
(c) 400 uC (d) 100 uC 
Tuner capacitor is........ capacitor. 
(a) a fixed (b) a variable 


(c) an electrolytic (d) none of these 


The ratio of surface charge density of two spheres in 
the given Figure 1s 


20% 


24. 


25. 


26. 


21; 


O f O Lr 
(a) —=—> (b) — == 
O, r, -7 
O, r-r. 
(6) Hs (d) none of these 
O, hth 


Figure shows a parallel plate capacitor having square 
plates of edge a and separation ‘d’. The gap is filled 
with a dielectric of constaut k = k + a x varying from 
left to right. The capacity of the capacitance 1s 


4 a — p 
| 
£a’ £a’ 
(a) J [ k, + aa] (b) F [k, + aa] 
ea a ea aa | 
(c) F [k + & 5 ] (d) F k, + 5 


J=oE describes 


(a) Gauss law 
(c) Ohm’s law 


(b) Faraday’s law 
(d) Kirchhoff’s law 


Open circuit voltage can be determined 
(a) experimentally 

(b) theoretically only 

(c) both (a) and (b) 

(d) cannot be determined. 


The ammeter shown in Figure consists of a 480 Q coil 
ammeter to a 20 Q shunt. The reading of ammeter is 


80.8 Q 


(a) 0.2A 
(c) 0.125A 


(b) O.1A 
(d) none of these 


A 10 Q wire is bent in the form of a semicircle 
with diameter. The resistance across the diameter is 


nearly 
(a) 2.4 Q (b) 3.3 Q 
(c) 10Q (d) 4.28 Q 
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28. 


29; 


30. 


31. 


oo. 


A 100 W bulb and a 25 W bulb both rated at 220 Vare 
connected in series with a 220 V source ..... watt bulb 
glows brighter 

(a) 100 W 

(b) 25 W 

(c) both will glow equally bright 

(d) none of these 


In the Thomson effect constant o has dimensions of 
(a) MLT?K". 

(b) MLT3A"! 

(c) MLT?A'K". 

(d) MLT?A"! 


A wire is bent into an equilateral triangle of side 1. 
It carries a current i. If a magnetic field Bis applied 
perpendicular to the plane of wire cage, then net force 
acting on the triangle is 


A 


(b) iB 
(d 2 ilB 
A proton and an a — particle of equal KE enter in a 


magnetic field. The ratio of the radii described by them 
iS 


(a) zero 
(c) 3i1B 


r 1 r 
(a) => (by = 
r, 2 r, 
r 1 r 1 
(c) 7 7 (d) a 


A long wire carrying current i is bent into a semicircle 
of radius d on one end as shown. The magnetic field at 
the centre C is 


Hi 
(a) ra [1+ 7] (b) 


(c) fe [1+2 x ] (d) none of these 


4r 


33. 


34. 


35. 


36. 


37. 


38. 


39; 
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Current in the load R, = 10 Qin the given circuit is 
3V 


8 1] 


(c) —A (d) none of these 

If two capacitors 10u F and 5u F are charged to 5 V 
and 9 Vrespectively then their common potential is 
(a) 6.3 V (b) 7V 

(c) 9V (d 5V 


A line voltage has 5-A rating. If 100 W bulbs are 
connected in parallel, then the maximum number of 
bulbs to be connected in parallel are 

(a) 5 (b) 7 

C) 9 (d) 11 


Thermistors are most alike 
(a) metals 
(c) superconductors 


(b) insulators 
(d) semiconductors 


A capacitor discharges to 95% in ...... time in a series 
RC circuit. 
(a) RC 
(c) 3RC 


(b) 2RC 
(d) SRC 


The resistance between a and b in the given circuit is 


(b) 2r 


(d) none of these 


If the length of wire AB is 40 cm then point X so that 
galvanometer gives zero deflection is 


8Q 120 
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40. 


41. 


42. 


43. 


44. 


45. 


46. 


(a) 16 cm from A 
(c) 24 cm from A 


(b) 16 cm from B 
(d) none of these 


The charge on capacitor C, at any instant ¢ is when the 
switch S is made on. 


(a) LZ 
Ci tC 
CC, 
(b) CC, _ es) e 
C.-C, 


O CEO- |, 
Ci tC, 


(d) none of these 


The current required to deposit 0.972 g Cr in 3 hours 
if ECE of Cr is 0.00018 g/C is 

(a) 0.25 A (b) 0.5A 

(c) LSA (d) 30A 


An inductance stores energy in ......form. 
(a) electric (b) magnetic 
(c) mechanical (d) potential 


The peak value of an ac is 5A and its frequency is 
60 Hz. After what time the current reaches its peak 
value starting from zero. 


1 1 
(a) 60° (b) %, N 

1 1 
EET 270° 


Turn ratio in a transformer corresponds to 
(a) 


number of turns in primary 
number of turns in secondary 


number of turns in secondary 
O =. aO 
number of turns the primary 
(c) either (a) or (b) 


(d) none of these 


If self inductances of two coils are 25uH and 36uH, 
then maximum value of mutual inductance between 
them is 

(a) 25 uH 
(c) 36 uH 


(b) 30 uH 
(d) 28 uH 


When object and screen are fixed and lens is varied 
to form the image. The size of the two images at two 
different positions of lens arel6cm and 4cm high. The 
size of object is 


47. 


48. 


49. 


50. 


51. 


52. 


53; 


54. 


55. 


56. 


57. 


58. 


(a) 8 cm 
(c) 64 cm 


(b) 12 cm 
(b) 4cm 


When plate potental varies from 40 to 45V in a triode 
value, the plate current varies from 10 to 12.5 mA. The 
dynamic plate resistance is 


(a) 2Q (b) 20 Q 
(b) 200 Q (d) 2000 Q 
Stopping potential decreases if ...... of incident beam 


on a photocathode decreases. 
(a) intensity (b) wavelength 
(c) amplitude (d) frequency 


The momentum of a photon of energy hv is 


(a) zero (b) gi? 
€) h= O 
Cc Cc 


A UV lamp emits 280 nm wavelength and is incident on 
a material having work function 2.5 eV. The stopping 
potential is 


(a) 4.4 V (b) 2.5 V 

(c) 28V (d) 1.9 V 

The radius of 3rd excited state of hydrogen atom is 
(a) 8:48 nm (b) 8.48 A° 

(c). 8.48 um (d) 8.48 pm 


Simulated emission is a term used in 
(a) photoelectric effect (b) incandescent lamp 
(c) vacuum tube (d) laser 


To study crystal structure by Lau’s method, we 
employ 


(a) y-rays (b) light rays 

(c) uvrays (d) X-rays 

The higher the satellite......... is the time period of 
rotation. 

(a) more 

(b) less 


(c) does not depend upon height 
(d) none of these 


The weight of a lkg body in a geostationary 
satellite is 


(a) zero (b) 10N 

(c) >10N (d) <10N 

The logic gate used in addition of two bits is 
(a) OR (b) AND 

(c) NOR (d) XOR 

An ideal diode will have resistance in forward bias 
(a) zero (b) 20 Q 

(c) 200 Q (d) 20kQ 

In breeder reactor ..... fuel 1s produced. 

(a) U6 (b) U?? 

(c) Pu?” (d) Th? 
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59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


The frequency of output of a full wave rectifier is .... 1f 
frequency of input signal is 50 Hz. 

(a) 50 Hz (b) 25 Hz 

(c) 100 Hz (d) 175 Hz 


A point mass slides from a height of 6r on an inclined 
plane which ends into a loop of radius r. The velocity 
at the top of the loop is 


(a) J6rg (b) \rg 
(c) org (d) /8rg 


A pendulum has amplitude of vibration 10 cm and time 
period 2s, then the velociy at 2 cm from extreme position 
iS 

(a) 8cm s! 
(c) 8m cem s! 


(b) 6cm s! 
(d) 62cm s! 


If x = 6t? + 4t is the equation of motion of a particle 
where x is in m and t is in seconds then initial velocity 
of the particle is 
(a) 4 ms! 

(c) 12 ms"! 


(b) 6 ms! 
(d) zero 


The velocity of P with respect to Q from the diagram 
1S 


x cm 
P 
30° Q 
30° Xs 
Vo Vo 
a) — b) — 
(a) 3 (b) a 
(c) 2V, (d) 3V, 


If a helicopter on flood relief mission drops a food 
packet from a height of lkm while it is moving 
horizontally with a speed 100 ms", then food packet 
falls at a horizontal distance 


(a) 10 V2 m (b) 100 J2m 

(c) ¥2km (d) 1000 V2 km 

The maximum value of time period of a pendulum on 
the earth is 


(a) infinity 
(c) 82.4 min 


(b) 82.4 hour 
(d) 82.4s 


A particle of mass 0.2 mg 1s charged to 500 electrons. 
The electric field required to keep it in equilibrium 1s 
(a) 2.5x1l0”N/C (b) 5x10!N/C 

(c) 5x10" N/C (d) 2.5x10" N/C 


An equiconvex lens of focal length fis dipped in water. 
Its focal length in water is 


68. 


69. 


TO: 


71. 


T2: 


73. 


74. 


75. 
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(a) 2f (b) 2.5f 
(c) 3f (d) 4f 


An equiconvex lens has focal length f and radius R. If 
it is made of a material of refractive index 1.5 then 


R 
(a) fay (b) f=R 
2 
(d) f= a 


A prism abc shown in Figure deviates a parallel beam 
of light by 


a 
N 
re. 


pie” AN, 


(a) 2 rad 
(c) 44° 


(b) 4rad 
(d) 2° 


Awave of amplitude 3 cm is superimposed with another 
wave of amplitude 2 cm, then the ratio of maximum to 
minimum intensity is 
(a) 5 


(c) V5 


If temperature on a day is 34°C the velocity of sound 
wave on that day will be nearly 

(a) 332 ms“! (b) 353ms"! 

(c) 370 ms! (d) cannot be predicted 


20 g of ice at —5°C is mixed with 40 g of water of 40°C. 
The temperature of the mixture will be 

(a) —1°C (b) zero 

(c) +1°C (d) + 18°C 


(b) 25 
(d) none of these 


The moment of inertia of an annular disc of radii r P and 
r, and mass m is 


(a) m (r? +r?) (b) > (i? +17) 


(c) m (r-r?) (d) S(r -1?) 

A train when | km away from a station blows a whistle 
of 400 Hz. If it is approaching with a velocity 20 ms" 
then frequency as heard by the man is nearly 

(a) 456.4 Hz (b) 426.4 Hz 

(c) 446.3 Hz (d) none of these 


If the train moving with a speed 20 ms“ due east turns 
north in 3 s then its acceleration is 


(b) 20/2 ms”! 
20 
(d) Fy ms? 


(a) zero 


20 
c) —ms~ 
(c) 3 
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76. 


(ee 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


A boat is 10 m long. Aman of 60 kg takes 2 seconds to 
travel from one end to another. Find the distance moved 
by the boat. Given mass of the boat = 300 kg 


(a) 10m (b) =m 
(c) z (d) zero 


A bubble of radius 2 cm 1f taken 70 m deep in water 
will have a radius 

(b) 2 cm 

(d) 2 mm 


(a) 1 cm 
(c) 1 mm 


A concave mirror of focal length fis taken. Few drops 
of water are sprinkled on it. The object needle and its 
image will coincide at 


3 
(a) 2f O) +f 
(c) f (d) =f 


If a ball falls from a height 80 m and 20% of its energy 
is lost on impact with the floor, it will rise to a height 
(a) 60m (b) 64m 
(c) 68m (d) 72m 


Find the acceleration of the blocks in the figure shown. 
Given (f >a). 


(a) 


(b) Ž sin B 


(c) (d) = (sin B -sin a) 

A particle of mass 2 g isplaced at the edge of the blade 
of a 48 inch fan. If fan rotates at 600 rpm, then force 
experienced by the particle is 

(a) 4.8 N (b) 19.2 N 

(c) 3.6 N (d) 9.6 N 


If x = ať and y = bf are the equations of motion of a 
particle then its velocity will be 

(a) 2tVa* +b? (b) 2t(a+b) 

(c) 2? (a+b) (d) none of these 


A block of mass m is placed on an inclinced plane of 
inclination 6. The maximum and mimimum forces 
respectively required to just move the block are 

(a) mg sin0, 0 (b) mg sin, mg cos@ 

(c) mg, mg sin@ (d) mg, mg cos 0 


If y= 10 sin (10°zt — 0.5x) where x is in meters and ż in 
seconds, then find the frequency of tuning fork which 
is in unison with the wave 


85. 


86. 


87. 


88. 


89. 


90. 


ol 


92. 


93. 


(a) 10° Hz (b) 500 Hz 
(c) 250 Hz (d) 125 Hz 


If the tuning forks of frequency 400 Hz 401 Hz and 
402 Hz are set into vibrations, then frequency of beats 
produced is 
(a) 2 Hz 
(c) 3 Hz 


(b) 1 Hz 
(d) no beats are produced 


A candle is lit if the intensity at 0.5 m away is Z. The 
intensity 2 m away will be 


I I 
2a b o 
(a) A (b) > 
I I 
c) = d) — 
(c) T (d) 5 
The maximum audible syllable frequency is 
(a) 20 Hz (b) 10 Hz 
(c) 5 Hz (d) 20 khz 


Three stars have magnitudes —4, —2 and +2. The 
brightest star has magnitude 

(a) 2 (b) -2 

(c) —4 (d) none of these 


The apparent volumetric expansion coefficient of 
glycerine is 15 x 1074/K and if linear expansion 
cofficient of glass is 6 x 10> K~ then real expansion 
coefficient of expansion of glycerine is 

(a) 24x10-*/K" (b) 22.1x 10-*/K"! 

(c) 19.8x10-4/K7! (d) 16.8x10-4/K7! 


If 10* fringe of 700 nm coincides with 14th fringe 
of an unknown wavelength in Young’s double slit 
experiment, then unknown wavelength is 

(a) 500 nm (b) 550 nm 

(c) 400 nm (d) 470 nm 


If a block of mass 2 kg moves according to equation 
3 


x=5r then work done by the particle in 5 seconds is 


(b) 1562.5J 
(d) none of these 


(a) 3125J 
(c) 520J 


A radioactive element has half life 2.5 hours. Its amount 
left after 7.5 hours 1s 

l 
(a) (b) — 


(c) 


(d) none of these 


A pendulum of length suspended from the ceiling of 
a car. If the car is accelerated at rate a ms™ then time 
period of oscillation is 


(a) T= an |e 
§ 


(b) T=2z 


] 
(b) T=2r ~r 
(8° +a) 


(d) none of these 


(g +a) 
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94. 


99. 


96. 


Three particles are placed at the vertices of an 
equilateral triangle of length / and they move towards 
each other with a velocity V. Then time in which they 
meet is 


2l l 
(a) — (b) — 
3v v 
3l 
(c) — (d) none of these 
2v 


A toy train consists of 3 identical compartments A, B 
and C. It is being pulled by a constant force F. The ratio 
of the tensions in the string AB to BC is 

(a) 3:1 (b) 2:1 

(c) 1:1 (d) 1:2 


A particle drops from a height 45 m. The distance 
travelled by it in the last second is (take g = 10 m53. 


(a) 10m (a) 4.5m 
(a) 25m (d) none of these 
Answers 
1. (a) 2. (a) 3. (b) 4. 
8. (d) 9. (b) 10. (c) 11. 
15. (a) 16. (a) 17. (b) 18. 
22. (b) 23. (d) 24. (o) 25, 
29. (d) 30. (a) 31. (b) 32. 
36. (d) 37. (o) 38. (a) 39. 
43. (d) 44. (a) 45. (b) 46. 
50. (d) 51. (b) 52, (d) 53; 
57. (a) 58. (o) 59. (o) 60. 
64. (o) 65. (o) 66. (a) 67: 
71. (b) 72. (b) 73. (6) 74. 
78. (b) 79. (b) 80. © (d) 81. 
85. (b) 86. (c) 87. (d) 88. 
92. (o) 93. (b) 94. (a 95. 
99. (b) 100. (b) 
EXPLANATIONS 


(a) Use Wheatstone bridge approach 


(a) If potential drop across PQ = 1.5 V 


4.5 x 200 


Then Z=0 or 1.5 = +4200 


(b) 10 = 100 x 10° (R + 100) 
or R= 10°? Q 


(b) gE = T sin 37 and mg = T cos 37 


E 
41 or ÈE = ae 


mg 4q 


tan 37 = 


97. 


98. 


99. 


100. 


OT oa 


IW a ort S ST S T ST S S T a i te 


Y A 


aaag 


Y A 


eee T T T eee eee T ee cee ee ee ce ce 


o oO 
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An athlete runs with a velocity 10 ms”. The longest 
jump he can have is 
(a) 10m 
(c) 15m 


(b) 20m 
(d) none of these 


A lift is moving up with a velocity 10 ms”. A man of 
60 kg is on this lift. The apparent weight on the lift 
will be 


(a) 600 N (b) 900 N 
(c) 750 N (d) none of these 
Centripetal force and its reaction act on 


(b) different bodies 
(d) none of these 


(a) same body 
(c) either (a) or (b) 


A mercury drop has radius 1cm—surface tension 

T = .036 N/m. The excess pressure is 

(a) 3.6 Pa (b) 7.2 Pa 

(c) 10.8 Pa (d) none of these 
5. (b) 6. (b) 7. (c) 
12. > (d) 13. (d) 14. (d) 
19. (c) 20. (a) 21. (b) 
26. (a) 27. (a) 28. (b) 
33. (b) 34. (a) 35. (d) 
40. (b) 41. (b) 42. (b) 
47. (d) 48. (d) 49. (o) 
54. (a) 55, (a) 56. (d) 
61. (d) 62. (a) 63. (o) 
68. (b) 69. (d) 70. (b) 
75. (d) 76. (o) 77. (a) 
82. (a) 83. (a) 84. (b) 
89. (d) 90. (a) 91. (b) 
96. (c) 97. (a) 98. (a) 

T cos 37 
T sin 37 q 
mg 

(b) oo = aa or 0 = 600 K or 0 = 327°C 

0 300 
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9. 


11. 


15. 


16. 
23. 


27. 


28. 
30. 


31. 


32. 


33. 


34. 


35. 


7 581 
(b) AQ = nc A0 = | x 5 x 8.3 x l0=—— J=290.5 J 


(a) Take electronic charges 1.e., F = (10) 


(a) Take PE. 


(d) Consider a strip of width dx at a distance x from the 
left 


<+—____ x ——__»> 


(k, + ax)é€,a.dx 


dC = 
. d 


Ca & =o (k, +ax)dx = A l 


(a) Let r be resistance/radius 
mr + 2r= 10 


(b) The bulb of lower rating glows brighter 


(a) Because of triangle law. 


eee \(2KE)M,/q, 1 
1 
Fo 


(2KE)M „lqa 
a) B= Mel 4p Mel _ Mel (14a) 
4nd 4d 4nd 
3x2+5x1)/14+2 _u 
10+ 
1+2 
CV +CV. 
(a) V Wit Caa — 10x5+5x9 _ 63y 
m Cete 10 +5 
Dn 220x5 -1] 
100 


(1.6x107’)? x9x10° 


38. 
39. 


40. 


41. 
45. 


46. 


47. 


49. 
51. 
54. 
59. 


60. 


61. 


62. 


63. 


64. 


66. 


68. 


69. 


70. 


Wily 


72. 


74. 


76. 


ae 


78. 


M19] 


(a) It is a wheatstone bridge with equal resistors. 


8 12 
(a) == 
x 40-x 


(b) Use C, and C, in series 
ECC 


(b) Use m = z it 


(b) M= JLL, 
(a) 0 = Jil, = 


AV, 
@Or= a = 


V16x4 =8cm 


45 — 40 


(12.5-10)x10> = 20008 


(c) p= E/c = hv/c 
(b) r = n°r, = 16(.53) =8.48A° 
(a) T? œ R? 


(c) Topit =2 | a 


Gye 


= ,/8rg 
(d)v= =] x“ = = ho- * = 6r cms” 


d 
(av= 2 t=0=4ms" 
dt 


_ tan60 


(0) Vm 


n30 A aa a 


[2h 
(c) t= Pi 10 V2 sec; x = 100 x 10 V2 = V2 km 


m 
(a) use E = rs 


Jaos (2)-4 
f +z] =05 R = R 


(d) (u — 1) a = S or S = 0.5 (4°) = 2° 


TER Dlt 


307 
b) v (T) = 332 = 353 ms“ 
(b) v (T) = oos 


(b) Since even complete ice will not melt. 


332 
a) f = 400 x ——— 
DJa 332 —20 
5 
(c) 60 x 10 = 360 xor x = 3m 


(a) use P.V =P,V, 


2 
(b) 2f'= H= = 3f/2 
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79. 


80. 


81. 


82. 


84. 


91. 


94. 


(b) mg h' = 0.8 mgh or h' = 8 (80) = 64 m 


_ (m sin 6, — m, sin @,)g _ 


(d) a 5 (sin f -sina) 


m, +m, 
(a) Radius of fan = 24 inch = 60 cm 


F = mrw? 


4 
(b) W= AKE = —x 2) 
ME 


1 d 


a) r= — =- — 
v+vcos60 3v 


o>: 


96. 


97. 


98. 


100. 
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(b) 


1 
(c) a or t= 3sands „=5(2x3-1)=25 
y- 
(@) Rp = — 
§ 
(a) As there is no acceleration of lift. 


2T _ 2x.036 
r 10° 


(b) = 7.2 Pa 
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PAPER 3 


The dimensional formula for (u) permeability of the 
medium is 

(a) MLT? A” 
(c) MLT> A" 


(b) ML°T2 A“ 
(d) M°LT2A2 


8g of oxygen is heated by 20°C at constant volume. 
Then heat energy required is 

(a) 10 cal (b) 25 cal 

(c) 15 cal (d) 20 cal 


If the temperature at sea level is 18°C then temperature 
at a height of 2 km from the sea-level is 

(a) 6°C (b) 10°C 

(c) 12°C (d) 18°C 


In a constant volume gas thermometer, the pressure 
gets doubled when the bulb is immersed in a hot bath 
from that at NTP. Then temperature of the bath is 

(a) 273.14 K (b) 273.14° C 

(c) 546.28° C (d) none of these 


The electric field at the center of the ring of radius r 
having charge Q is 


(a) g > (b) zero 
47€,r 
Q Q 
e Aner i Aner”? 


The device with which uniform electric field is obtained 
iS 

(a) along wire 
(c) asphere 


(b) along plate 
(d) aring 


If each capacitor is C then effective capacitance of the 
circuit is 


(b) C 
(d) 2C 


729 small drops each of radius 0.1 cm and charge Inc 
each coalesce to form a big drop. Then potential on 
larger drop is 


10. 


11. 


12. 


13. 


(a) 8100 V 
(c) 7.29 x 105 V 


(b) 8100 V 
(d) none of these 


Two identical positive charges (q) each are situated at 
(0, a) and (0, — a). A charge —q at rest is released from 
the point (2 a, 0). The charge -q will 


+q (0, a) 


+q (—a,0) 


(a) go to infinite distance 

(b) execute SHM 

(c) move towards origin and becomes stationary 
(d) execute periodic motion but not SHM 


The. intensity of electric field is perpendicular to the 
initial velocity of proton, then path of proton in this 
electric field is 
(a) circular 
(c) elliptical 


(b) parabolic 
(d) linear 


If point XY are short circuited, then resistance across 
AB is 


A R R R g 
2R 
B Y 
R R R 
15 16 
(a) z R (b) 5 R 
3 
(c) R (d) R 


The potential across AB in the figure shown 1s 


0.10 
A ae me B 
2.0 V 


(b) 2.5 V 
(d) none of these 


(a) 2.0 V 
(c) 1.5 V 


In the adjoining circuit, ammeter and voltmeter readings 
are 2 A and 120 V respectively. If R = 75 Q then 
resistance of voltmeter is 


14. 


15. 


16. 


17. 


18. 


V 
(a) 300 Q (b) 200.2 
(c) 1002 (d) 75.2 


The current in the resistance, in branch BD is 


1 2 
aa OY 
3 4 
ew | d) -—A 
e) 13 n 13 


The following wires are made of the same material. 
The wire whose resistance is maximum 1s 

(a) 2 mm diameter and x 60 m length 

(b) 1 mm diameter and x 40 m length 

(c) 2 mm diameter and x 40 m length 

(d) 1 mm diameter and x 60 m length 


The voltmeter shown in the figure reads 18V across 
50 (resistance. Then resistance of the voltmeter is 


30V 
50Q 
240 
(a) 50 9 (b) 90 Q 
(c) 130 QO (d) none of these 


Two capacitors 4 u F and 10 uF were connected together 
after being charged to 10 V and 12 V, respectively. A 
dielectric of constant 2.5 is added in between plates 
of 4 uF capacitor before connecting. The charge after 
connection on this capacitor is 

(a) 40 uC (b) 80 uC 

(c) 60 uC (d) 75 uC 


The capacitance between A and B is ___ uF if each 
capacitor is 2 uF 


sha 


(a) 2uF (b) luF 


1 
(c) 4uF (d) ~ 


19. 


20. 


2l; 


22; 


23. 


24. 


23. 


26. 


21. 


28. 
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The internal resistance of an ideal voltage source is 
(a) infinity (b) zero 
(c) finite but not zero (d) may have any value 


The attractive nuclear force between two protons 1s 
—kr 


then dimensions of C and k are 


given by F = 


r’ 
respectively 
(a) MLT, L (b) ML3T?, L? 
(c) ML3?T?,L (d) none of these 


The speed of electron in ground state of hydrogen atom 
is 

(a) 1.4 x 10°ms" 
(c) 4.2 x 10°ms"! 


(b) 2.18 x 106 ms”! 
(d) none of these 


12 J of work is done against an electric field to take a 
charge 6 mC from A to B then V, — V, is 

(a) 200 V (b) 2000 V 

(c) 150 V (d) 1500 V 


Two charged particles each having charge 20uc are 
brought from infinity to a separation of 10 cm. The 
increase in electric potential energy is 


(a) 3.6 J (b) 36 J 
(c) 1.8J (d) 18J 
The electric field at x = 6 cm in the figure shown is 
V (volts) 
10 
4 6 8 i lia 
(a) 1.66 V/m (b) 2.5 V/m 
(c) zero (d) none of these 


At neutral temperature thermoelectric power in a thermo 

couple 1s 

(a) zero 

(b) finite but not zero 

(c) infinite 

(d) depends upon temperature difference between two 
junctions. 


If 1A current is passed for half an hour through a silver 
voltmeter then silver deposited 1s nearly 

(a) 2g (b) 1g 

(c) 0.2g (d) 0.1g 


A 1 MeV proton enters a magnetic field of 2 mT. The 
cyclotron frequency 1s 


(a) 10°Hz (b) 10*Hz 
4 5 

œc) 2 mz a. k 
T T 


A wire is bent as shown and carries a current i. If 
a magnetic field B is switched on perpendicular to 
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29. 


30. 


31. 


OZ: 


D2: 


the plane of wire, then force experienced by the 
wire is 


+1— +1— 


(a) 2ilB + m riB 
(c) 2ilB+irB 


(b) 2ilB +2 irB 
(d) none of these 


A charged particle having charge 10%C enters a 
magnetic field making an angle 60° with a velocity 
10° m/s. If its mass is 2 ug then pitchis___ if B=2T 
(a) 2 m meter (b) m meters 


(c) 2 z meters (d) = meters 

3 2 
When an electric field E 1s applied, a charged particle 
having charge g goes undeviated in a magnetic field B. 
If electric field 1s perpendicular to magnetic field and 
charged particle moves perpendicular to both E and B 
the velocity of the particle is 


E 2E 
(a) = (b) — 
E E 
(c) 3 (d) 7B 


A particle moves in a circle of diameter 1 cm under 
the action of magnetic field 0.4T. An electric field 
200Vm-'makes the path straight. The charge/mass ratio 
of the particle is 
(a) 12.5 x 10*C/kg 
(c) 5x 10°C/kg 


(b) 2.5 x 10°C/kg 
(d) none of these 


A circular coil has radius 2 cm and 500 turns. It carries 
current of 1A. Its axis makes an angle of 30° with 
uniform magnetic field B = 0.4T. Find the torque acting 
on the coil. 
(a) 13 Nm? 
(c) 0.13 Nm? 


(b) 1.3 Nm? 
(d) none of these 


Figure shows a loop having two circular arcs joined 
by radial lines. The magnetic field at the centre of the 
loop 1s 


Mid 


(a) 


HT) (b) 


a 
20 2a |r G 


(c) Hol cos@ +- (d) none of these 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


42. 
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A magnet is 10 cm long and its pole strength is 120C 
GS units. The magnetic field strength at distance 
20 cm, on its axis from it, 1s 

(a) 3.4 x 10°T (b) 3.4 x 10°T 

(c) 3.4 x 10¢*T (d) 3.4 x 10°T 


The apparent angle of dip at a place is 30°. The axis 
of the dip circle points at that place 60° with the 
horizontal magnetic field of earth, the true value of 
dip is 


(a) tan 5 


(c) tan! E (d) tan"! a 


V6 2/3 


Galvanometer constant in a moving coil Galvanometer 
is 


(b) tan”! 


1 
a) 


ABn 
(o TAB o- 
nA nk 
(c) a (d) Pn 


A magnet is suspended by a vertical string attached to 
its mid point. If horizontal components of the earth’s 
field is 25 uT and its vertical component 40 uT, find 
the angle made by it in equilibrium position. 

(a) tan! (1.5) (b) tan'(1.6) 

(c) tan”! (.625) (d) none of these 


Band pass filter 1s circuit. 
(a) RL series (b) RC series circuit 
(c) Series LCR (d) Parallel LC 


If a magnet of magnetic moment M is cut into two 
equal pieces along the length, then its dipole moment 
becomes 


M M 
@) > (6) 

M 

— d) M 
OE- (d) 


The magnitude of earth’s field is 3.4 x 10° T at the 
magnetic equator of the earth. The magnitude at the 
geomagnetic poles will be 
(a) 3.4x 10°T 
(c) 6.8 x 10°T 


(b) 5.1 x 10°T 
(d) none of these 


The percentage increase in the magnetic field B 
when space within the current carrying toroid 1s 
filled with aluminium. The susceptibility of Al is 
2.1 x 10°. 
(a) 2.1% 
(c) 2.1x 10°% 


(b) 2.1 x 10% 
(d) 2.1 x 103% 


The maximum value of permeability of u — 
metal is 0.126 T—m/A. The maximum value of 
susceptibility 1s 
(a) 10° 

(c) 1.26 x 10° 


(b) 104 
(d) 1.26 
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43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


When current changes from + 5 A to — 5 A in 0.2s an 
average emf 0.2 Vis generated. The self inductance of 
the coil is 
(a) 2mH 
(c) 6mH 


(b) 4mH 
(d) none of these 


A conducting circular loop is placed in uniform 
magnetic field B = 0.02T with its plane perpendicular 
to the field. If the radius starts shrinking at 1 mm/s, then 
induced emf at the instant when radius is 2 cm 

(a) 2.5 V (b) 2.5 mV 

(c) 25 uV (d) 2.5 nV 


A coil is joined to battery of 6 V and current is 12 A. 
This coil is connected to a capacitor and a 6 V ac source 
in series. If the current and voltage are in phase then 
rms value of current is 
(a) 12A 


(c) 12 J2A 


The wavelength of an electromagnetic wave is 5 mm. 
If E, is 30 V/m and is in y-direction while the wave 
iS moving in x-direction, then equation for magnetic 
field is 


(b) 6/2 A 


(d) none of these 


3 
(a) B= 107” sin cee (ct - x) along y-direction 
5 
3 
(b) B= 10” sin 27x10 (ct - x) along z-direction 
5 
3 
(c) B= 10” sin 27 x10 (ct - x) along x-direction 
5 


(d) none of these 


A triode valve has amplification factor 21 and dynamic 
plate resistance 10 kQ. The gain when connected with 


a load of 20 kQis 
(a) 21 (b) 17 
(c) 14 (d) none of these 


The wavelength of 10 keV neutron is 
(a) 2.86 x 10°'°m (b) 2.86 x 10m 
(c) 2.86 x 10" m (d) 2.86 x 10°'*m 


A TV transmitter has height 200 m and if the population 
density is 1000/km/?, then the population benefitted is 
(a) 3x 10° (b) 3 x 10° 
(c) 4x 10° (d) 8x 10° 


If intensity of incident radiation is increased in a 
photocell by 10% then photo current will increase by 
(a) 10% (b) less than 10% 

(c) more than 10% (d) 5% 


The excitation energy of a hydrogen like ion in its first 
excited state is 40.8 eV. The energy needed to remove 
the electron from the ion 1s 
(a) 40.8 eV 
(c) 68.0 eV 


(b) 54.4 eV 
(d) none of these 


The theory which can be applied to study atomic 
structure of any atom is 


J); 


54. 


35; 


56. 


J: 


58. 


59. 


60. 


61. 


62. 
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(a) Rutherford theroy 

(b) Bohr’s therory 

(c) Maxwell’s theory 

(d) Schrodinger wave theroy 


Metastable state means a state having lifetime sec. 


(a) 10° s (b) 10°%s 

(c) 10s (d) 10° s 
The wavelength of He - Ne laser is 

(a) 700 nm (b) 632.8nm 
(c) 761.4nm (d) 657.3nm 


Light from the Balmer series of hydrogen is able to eject 
photo electrons from a metal. What could be maximum 
work function of the metal? 

(a) 1.59 eV (b) 0.86 eV 

(c) 3.4 eV (d) cannot be predicted 


Brehmsstrahlung radiations are generated 

(a) due to deceleration of charged particles 

(b) when an electron jumps from a higher energy state 
to a lower energy state 

(c) when an electron is captured by nucleus 

(d). none of these 


To regulate output in a supply, we use 
(a) capacitor (b) zener diode 
(c) photo diode (d) LED 


To measure temperature~5000K _is used 
(a) thermistor 

(b) platinum resistance thermometer 

(c) constant volume gas thermometer 


(d) pyrometer 


A uniform string of mass m and length L is lying on a 
smooth horizontal plane. It is being pulled with a force 
F applied at one of the ends. The tension in the string 
at a distance y from it is 


L L 
(a) zE (b) — F 

2y y 
(c) [1-2 |F (d) F= 

L L 

The excess pressure in a soap bubble of radius 2 cm 
will be . Given surface tension 0.34 N/m. 
(a) 34 N/m? (b) 51 N/m? 
(c) 68 N/m? (d) none of these 


The first resonance length for a closed pipe is 50 cm. 
then second resonance position will be 
(a) 50cm (b) 100 cm 
(c) 150 cm (d) 250 cm 


Angular momentum and moment of inertia are 
respectively 

(a) scalar and scalar 

(b) scalar and vector 

(c) vector and tensor 

(d) vector and vector 


| Model Test Papers 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


An astronomical telescope is made using two lenses 
45 cm apart. The magnifying power is 8. The focal 
length of the lenses are 
(a) 36cm, 9 cm 
(c) 20cm, 5 cm 


(b) 48cm, 6 cm 
(d) 40 cm, 5 cm 


A man is moving due east and wind appears to blow 
from north. The actual direction of air blow is towards 
(a) north-west (b) north-east 
(c) south-east (d) south-west 


A bullet of mass 10 g moving with a velocity 500 ms"! 
strikes a block of mass 2 kg suspended from a 5 m 
string. The centre of gravity of the block rises to height 
0.1m. The velocity of the bullet after emerging out of 
the block will be 
(a) 217.2 ms"! 

(c) 172.1 ms?! 


(b) 128.2 ms! 
(d) 151.4 ms”! 


The velocity of ripples on water surface depends upon 
the wave length à density of water p and acceleration 
due to gravity g. Which of the following relations is 
correct? 


A 
(a) vaogd (b) vo 


A 
(c) v? œ gp (d) v? œc — 
8P 
A particle travels according to the equation x = 2f° 
+ 3t?-— 4t- 9. The velocity when acceleration 1s zero is 
(a) 3.5 ms" (b) 4.5 ms"! 
(c) 5.5 ms"! (d) 6.5 ms"! 


The pulley shown has a moment of inertia I about its 
axis and mass m. The time period of vertical oscillation 
of its centre of mass, if the spring has spring constant 
p and spring does not slip over the pulley is 


The luminous flux of a 10 watt light source of 


wavelength 600 nm will be ____ if the relative 
luminosity for 600 nm is 0.6 
(a) 6850 Im (b) 4110 1m 


(c) 55501m (d) 98701m 


70. 


71. 


72. 


IDs 


74. 


75. 


76. 
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M.25 | 


If x,, x, are the distances of the object and image from 
the first and second focal points of the lens in air then 
focal length of the lens is 


(a) x, -x (b) 2x-x, 


(c) x, +x (d) 4xx, 


The coefficient of friction of the tyres of a car on a 
greasy road is 0.2. The largest speed the car can have 
while travelling round the corner of radius 20 m without 
skidding 1s 

(a) 6.28 ms! 
(c) 9.12 ms"! 


(b) 3.14 ms! 
(d) none of these 


The velocity of the particle from adjoining graph after 
3 seconds is 


a (ms?) 
8 l 
5 t(s) 
(a) 8 ms”! (b) 16 ms” 
(c) 24ms"! (d) none of these 


A balloon is moving up with a speed 12 ms“! at a height 
of 80 m and has an acceleration 2 ms”. It drops a packet 
when at a height of 80 m. The time taken by the packet 
to reach ground is nearly 

(a) 3.745 s (b) 5.88 s 

(c) 9.32 s (d) 12.1 s 


Two tuning forks A and B have frequencies 140 Hz and 
160 Hz. Number of beats heard are 


(a) 20 (b) 10 

(c) 2 (d) none 
The third over tone of 250 Hz is 

(a) 750 Hz (b) 500 Hz 
(c) 1500 Hz (d) 1000 Hz 


A hockey puck weighing 400 g slides on ice for 20 m 
before coming to rest. If its intial speed was 10 ms" 
then coefficient of dynamic friction is 

(a) 0.1 (b) 0.2 

(c) 0.25 (d) 0.15 


Moment of inertia of a cone of mass M and radius R and 
height h about an axis xox’ as shown in the figure is 


x’ 2 x 
(a) = M (R? + h?) (b) 2 M L 
10 5 4 2 
3 R? 2 
(c) T M (Ea l (d) none of these 
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78. 


79. 


80. 


81. 


82. 


83. 


84. 


The gravitational intensity at a point distant x from the block C to be placed on A so that the system remains 
surface inside the spherical shell of radius R is in the equilbrium is 


GM (R-x) 
R? 


(d) none of these 


(a) zero (b) 
GM(R-x) 
R? 

A spring gun projects a ball at an angle of 45° above 
the horizontal range is 10 m. The height attained by the 


(c) 


ball is 
(a) 2.5m (b) 5m 
(a) 5kg (b) 10kg 
(c) 1.25 m (d) 2m (c) 15kg (d) none of these 


A spherical ball rolls on a table without slipping. The 


l . . . Th fa2k ight on th f. f j 
ratio of rotational to total energy is 85 e mass of a 2 kgf weight on the surface of moon is 


; h (a) 2kgf (b) 2kg 
(a) = (b) = l 
5 7 (c) 1kgf (d) z kef 
3 3 
(c) F (d) A 86. The energy of thermal neutron is 
(a) O.l eV (b) 0.6 eV 
A cracker at rest explodes to a large number of parts. (c) 2.1eV (d) 3.4eV 


Then centre of mass 


(a) describes a straight line 87. The velocity of sound at 40°C will be if velocity 


on; =| 

(b) describes a parabola at 20°C is 350 ms”. 
(c) remains unchanged (a) 340 ms”! (b) 351.5 ms”! 
(c) 363 ms! (d) 374.5 ms" 


(d) cannot be predicted 


A rod of length L rotates in a horizontal plane with an 88. The dimensions of coefficient of rolling friction is 


angular speed w. A ball of mass m is suspended by a (a) [M i LT] (b) [M° LT°] 
string of same length L. If it makes an angle 8 with the (c) [M_E T°] (d) [M° L? T°] 
vertical, then angular speed of rotation is 89. A particle of mass m slides down an inclined plane of 


inclination 8. Lift is moving up with an acceleration 
a. If the length of the base of inclined plane 1s L, then 
time taken to reach at the bottom is 


fa 


fey open] a 
§ tan g tan 
(a) L(1+sin6) a E a 1 


gsin8d gcosé 


c) — 2 d) —-———_ 
©) L(1+cos@) ) L(1+sin@) L 2L 
(a) (g +a)sin 6 (0) (g +a)sin 6 
When a rectangular glass slab is placed on a white 
written paper, the writing disappears from the edges. 
(c) d) 


) 
gy fT 
(a) /2 (b) 1.5 (g +a)sin 0cosO (g +a)sin 0 cos 
90 


The minimum refractive index of the slab is 


© 3 aie 90. Wave length of two notes are Baud and — m in air. 
A block A is placed on a table and is tied with a string 175 173 

passing over the pulley. The other end of the string is They produce 4 beats each with a third note of fixed 
connected with block B. If mass of A is 15 kg and that frequency. The velocity of sound in air is 

of Bis 5 kg and coefficient of friction is 0.2 between (a) 340 ms! (b) 350 ms?! 


block and the table. Then minimum value of mass of (c) 332 ms?! (d) 360 ms?! 
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91. The average momentum of a molecule of an ideal gas 
depends upon 
(a) volume (b) number of moles 
(c) temperature (d) none of these 
92. Aparticle of mass m projected with a velocity V making 
an angle 0 with the horizontal bursts at the maximum 
height into two particles of equal masses then path 
followed by them 1s 
(a) one retraces the path travelled and other continues 
to move in the same path as it would have 
otherwise moved 
(b) though both move in parabolic paths but different 
from the original path 
(c) they travel in a straight line, one vertically up and 
the other vertically down 
(d) none of these 
93. In perfectly inelastic collision and in partially inelastic 
collision particles after collision 
(a) move with different velocites in both cases 
(b) move with same velocity and different velocities 
respectively 
(c) come to rest and move with same velocity 
respectively 
(d) come to rest and move with different velocities 
respectively 
94. Emission of nuclear radiations is related with 
(a) elastic collision 
(b) perfectly inelastic collision 
(c) inelastic collision 
(d) none of these 
95. An accelerated particle 
(a) may have zero velocity 
(b) always has a finite velocity but not zero 
(c) may have infinite velocity 
(d) none of these 
96. The coefficient of static friction 4 is 
(a) <1 (b) <1 
(c) —l<yp <1 (d) O0<u <1 
Answers 
1. (a) 2. (b) 3. (a) 4. 
8. (c) 9. (d) 10. (b) 11. 
15. (d) 16. (c) 17. (b) 18. 
22. (b) 23. (b) 24. (c) 25. 
29. (b) 30. (a) 31. (b) 32. 
36. (a) 37. (b) 38. (o) 39. 
43. (b) 44. (c) 45. (a) 46. 
50. (b) 51. (b) 52. (d) 53. 
57. (b) 58. (d) 59. (o) 60. 
64. (b) 65. (a) 66. (a) 67. 
71. (a 72. (b) 73. (b) 74. 
78. (a) 79. (a) 80. (b) 81. 
85. (b) 86. (a) 87. (o) 88. 
92. (b) 93. (b) 94. (0) 95. 
99. (d) 100. (b) 


97. 


98. 


99. 


100. 


(b) 
(b) 
(b) 
(a) 
(c) 
(a) 
(b) 
(d) 
(c) 
(c) 
(d) 
(c) 
(b) 
(a) 
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A particle falls from a height H, when it falls down by 
a distance x, it meets an inclined plane and its velocity 
becomes horizontal then x in terms of H willbe __so 
that it takes maximum time to reach ground. 


| 


X 


H H 
= — b = ae 
(a) x 5 (b) x 3 
© s= 2 N x=H 
A block A of mass 2 kg moving with 5 km/h strikes 


elastically with another block B of same mass moving 
with 3 km/h then after collision velocity of block B will 
be 


(a) 3km/h (b) 5km/h 
(c) 2 km/h (d) none of these 
The ratio of radii of the planets P, and P, is K,. The 


ratio of acceleration due to gravity on them is K,, then 
ratio of their escape velocities 1s 


K 
(b) — 


(a) KK, : 


K 
© fe (d) JK\K, 


A wire of length L, area of cross-section A, Young’s 
modulus Y and linear coefficient of expansion æ is 
heated through £° C. The work that can be performed 
by the rod when heated is 


(a) (YAat)(lat) (b) > YAœx rl 
2,2 

© = (d) 2 YA? #1 
5. (b) 6. (b) 7. (d) 
12. (b) 13. (a) 14. (a) 
19. (b) 20. (o) 214. (b) 
26. (a) 27. (d) 28. (b) 
33. (b) 34. (d) 35. (d) 
40. (0) 41. (d) 42. (a) 
47. (c) 48. (o) 49. (d) 
54. (b) 55, (o) 56. (a) 
61. (o) 62. (c) 63. (d) 
68. (b) 69. (b) 70. (d) 
75. (d) 76. (o) 77. (o 
82. (b) 83. (a) 84. (b) 
89. (c) 90. (d) 91. (c) 
96. (d) 97. (a) 98. (b) 
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12. 


13. 


14. 


15. 


16. 


17. 


18. 


2L 


22. 


EXPLANATIONS 


1 5 
(b) AQ=n CvVAT= rae R x 20 = 25 cal 
(a) Use lapse rate T= 18 — 2 x 6 = 6°C 


AP 
(b) AT= | 273.14 = 273.14 
T = 273.14 + 273.14 = 546.28 K 


10° x9x10° 
a eer i 


=n3V_ =81 
aa, 10° 


= 7.29 x 10°V 


(b) V,, =2+5 (0.1) =2.5V 


75x 
@) (2 +x 


1x4- 
_ 1x4—3x2 -2y 
ği 4+3 7 


1V 


k = 120 or x = 300 Q 


(a) € 


OV 4Q 


L asl 
BD 
j4 13 
7 


(d) R œ Land R œ L 
r 


30x x 
24+x 


(c) 18 = 
50+R 


4x104+10x12 
10+10 


or x = 36; 36= or R~ 130 Q 


(b) V= = 8V; Q = CV =8 x 10 = 80u C 


(oy eae ee ey 
27a 
c 3x108 


b —= O e 
b) v= i37 = 37 


= 2.18 x 10°ms"! 


= 2x10°V 


1 
(b) W = qAV or AV = 6x107 


23. 


24. 


26. 


a2. 


34. 


35. 


37. 


39, 


40. 
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qida 
b) APE = ——— 
i 4m E, r 
20x20x10" 10° 
_ x 20x10 X2x = oe 
0.1 

—dv , 
(c) E= —=0'. Vis constant at x = 6 m. 

dx 
(a) Current through the circuit = 1A 


1 
charge passed in 1/2 hour = 1x z x 60 x 60. = 1800C 


_ 1800x107.9g _ 
~ 906500 


qB | 1.6x10°? x 2x10? 


d = — = 
(Df, 27am 2a x1.6x107 
10° 
=f Nx 
(b) F=2 irB + 2ilB = 2 i(l + r)B 


(b) Use V.cos@ x T = pitch 
(a) gvB = gE or v = E/B 


rqB E 
D-a 8 
q E 
or = a 
400x107 x10? 
16 
=2.5 x 10°C/kg 


(c) t=ni A x B=500 x (m x 4 x 10+) x (.4) sin 30 
= 4r x 102 =0.13 N- m? 
(d) ICGS unit = 0.1 Am. 
2u md 
B = ar 2\2 
4n(d? -I’) 


= tan 0’ 


V 
(d) — = tan ô and 4 
H Hcos@ 


I 1 
tan ô = tan 0’ cos@ = tan 30 cos 60 = B x 


2 
J 
= 9.3 
j k 
(a) niAB = k@ or 5 = AR 
A 
(b) tan ô = B 
m M 
M'= —(£ = — 
(a) T 7 


(c) B = B,,V3sin?A+1 = 3.4 x 105x 2=6.8 x 10°T 
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42. 


43. 


44. 


45. 


47. 


48. 


49. 


51. 


55. 


59. 


60. 


61. 
64. 


i. 
(a) u, = lo (=p! 
ie Se a 

dildt 10” 

0.2 

(e) dt = dt 

= 2z x 2 x 107 x .02 x 10° 

=2.5uV 
(a). X, =X, 
. Z= r and Í remains same 

HR, 21x20 
(c) A= R, +r, = 30 = 14 

0.286x107'° 

ca p p andp= V2(KE)m orå\= Jio? 
(d) (x7?) x 103,r= 4200x6.4x10° 


r=10* /12.8 
11 


Population benefitted = 12.8 x z x 10° 


= 4 x 10° people 
1 1 
(b) E = Rhe z? >- >) 
3 
CE GE aaa 


2 
= BE = (- 13.6) a 
=— 54.4 eV 
1 1 
(c) E= 13.6 (4-4) 
2? œ 
=3.4eV=¢ 
F 
(c)a= — 
m 


m 
tension T = T (L-y)a= F (1- 


ai |S 


ap AE. A34 
(c) r ~ 2x10? 


= 68 N/m? 
(c) 1, = 31, 
(b) V =V, -V 


m 


65. 


67. 


69. 


. (a) use V= y Urg 


71 


T2 
73. 


76. 


9. 


87. 


89. 


90. 


97. 


99. 


100. 


(a) mu + 0 = mv, + MV, 
1 
z MV ?= Mgh, or V = mp) ms"! 


01 x 500= 242 +.01V, 
5 — 2.828 = .01V,or V, = 217.2 ms" 


= 6r— 6t-—4 
(c) y = Or — 0t- 


11 
4 2 2 


=12t-6=0Q0oÞort=0Q0.5s 


d’x 
dt? 
(b) 10 x 685 x 0.6 = 4110 Im 


= /.2x20x9.8=6.28 ms"! 


(b) Area under curve 


(b) — 80 = 12t- 5f or P— 2.4t- 16=0 


l 
(c) Use z my? = umgs 


6 10x10 -0.25 
K= oM0920- 


u’ sin? 45 


= 10 ms”; h = 
u ms P 


. (b) Tcos 0 = mg ;, Tsin 0 = mL (1 + sin Ow? 


(c) V=V, 213+ „2 293 
V273 ° v, \313 


or V, = 363 ms"! 


(c) = (eta) sin 8 t? = a: 


Vv TEL 173v 
d) 8 = — -— = = 
= r A, 90 90 
or 2v = 720 ms” 


(a) For x and H — x are separately 


l or v = 360 ms"! 


H 
maximum x= H-xorx= = 


Ve, _ 2R8& _ 
Ve, 2R 8, 


K K 


2 


] 
b) W= > FAI 
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MODEL TEST 
PAPER 4 


If percentage error in measurement of length of the 
pendulum is 2% and in measurement of time is 1%, 
then% error in measurement of g’ is 

(a) zero (b) 2% 

(c) 3% (d) 4% 


B 
Ifp=A+t 7 then dimensions of B are 


(a) MLT? 
(c) MLST? 


(b) MET? 
(d) MET 
x = ut + ať isa consequence of 


(a) Newton’s Ist law (b) Newton’s IInd law 
(c) Newton’s IIIrdlaw (d) none of these 


If velocities of particles A and B are depicted in the 
figure then V; 


(ms) V A 


> (s) 


(b) continuously decreases 
(d) continuously increases 


(a) is zero 
(c) 1s constant 


A particle of mass 3 kg is moving under the action of 
a central force whose PE is given by U (r) = 10 r’. For 
what energy and angular momentum the orbit will be 
a radius of 10 m. 

(a) 2.5 x 10* J, 3000 kg m’s"! 

(b) 0.5 x 10*J, 3000 kg m’s* 

(c) 1.5 x 10* J, 3000 kg m?s"! 

(d) none of these 


A car is moving in a circular track of radius 10 m with 
a speed of 10 ms~ A plumb bob is suspended from the 
ceiling of a car by a light rigid rod of length 1m. The 
angle made by the rod with the track 1s 

(a) 90° (b) 60° 

(c) 30° (d) 45° 


Two projectiles of mass, m each are fired in opposite 
direction, with same speed V from the same point 
with angles a and $ with respect to horizontal then the 
change in momentum at any point 1s 


(a) 2 mv cos (a—- fp) (b) 2 mv cos (=£) 


(c) 3 mv sin (=£) (d) 2 mv cos (=£) 


10. 


11. 


12. 


13. 


14. 


15. 
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A constant force (in magnitude) acts on a body always 
perpendicular to its motion. The motion is in a plane. 
It follows that 

(a) velocity is constant 

(b) acceleration is constant 

(c) KE is constant 

(d) it moves in a circular path. 


A straight narrow tunnel is bored in a sphere of 
radius a from surface to centre of the sphere. Density 
of the sphere is p. The amount of work done to bring a 
small mass m from centre to the surface of the sphere is 


2 1 
(a) 3 amGpa? (b) z TmGpa’ 


4 
(c) ee (d) none of these 


The speed with which earth shall rotate, so that the 
apparent weight of the body at equator is zero, 1s 

(a) 1.241 x 10%rad/s (b) 1.421 x 10° rad/s 

(c) 1.124 x 10° rad/s (d) none of these 


The amount of work done to take a mass m to a height 


— is 


2 

(a) mg (b) mg Ë 
R 3 

(©) mg > (D mg = R 


Poisson ratio lies theoretically between 
(a) O and +0.25 (b) O and +0.5 
(c) —1 to+0.5 (d) none of these 


The velocity of efflux of kerosene oil from a tank in 
which pressure is 2 atm. Density of kerosene is 0.8 g/ 
cc 

(a) 5.3 ms! 
(c) 15.8 ms" 


(b) 10.6 ms"! 
(d) none of these 


Two B - particles are moving in opposite directions by 
0.8c each. Then their relative velocity is 

(a) 1.6c (b) 0.8¢ 

(c) c (d) 0.975 c 


Two rods A and B of different materials having Young’s 
modulus Y, and Y, and thermal coefficient of linear 
expansion a, and a, respectively are joined end to end 
and the composite rod is clamped then stress developed 
when heated to ¢°c is 

(,+,)Y Vet 


(a) (a,+a,)Y,Y¥,t (b) Y, +¥,) 


(4,—a,)Y,Y pt 


(c) Y-Y) 


(d) t(a,-a,) Y Y, 
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16. 


17. 


18. 


19, 


20. 


2i; 


22, 


23. 


24. 


25. 


26. 


Change in entropy in an adiabatic process 1s 
(a) zero (b) finite but not zero 
(c) infinite (d) negative 


At low temperatures in solids C, œ T?. This law is 
called 

(a) Debye law 

(b) Dulong and Petit’s law 

(c) Rayleigh Jean’s law 

(d) E:nstein’s law 


The rms speed of oxygen at 27° C is 
(a) 212 ms"! (b) 344 ms"! 
(c) 484 ms"! (d) 624 ms”! 


The change in entropy when 10g of water is heated 
from 0° C to 40° C 
(a) 5.43 cal k“! 
(c) 1.37 cal k“! 


(b) 2.83 cal k“! 
(d) 10.58 cal k! 


In a Kundt’s tube distance between two successive 
heaps of lycopodium powder is 30 cm. The frequency 


of the tuning fork usedis__if the velocity of sound 
wave is 340 ms". 

(a) 626.6 Hz (b) 506.3 Hz 

(c) 926.1Hz (d) 566.6 Hz 


A wave y= 10 sin 5z (340 t- x) is travelling in the air 
as medium where fis in seconds and x in metres. Then 
intensity of the wave is nearly _—s (Given density of 
air .00032 g/cm?) 
(a) 175k W/m? 

(c) 172 W/m? 


(b) 150k W/m? 
(d) 150 W/m? 


If the velocity of sound in steel is 5200 ms“, then angle 
of incidence in air for which total internal reflection will 
occur from steel is 
(a) 3° 39' 
(c) 1° 19' 


(b) 6° 11' 
(d) 42.23" 


A stylus is attached with a tuning fork which touches 
gently to a falling smooth plate. The distance between 
8 waves consecutively noted is 10 cm and 36 cm 
respectively. Then frequency of the tuning fork 1s 

(a) 31.2 Hz (b) 36.7 Hz 

(c) 42.4 Hz (d) 49.2 Hz 


A disc has 25 slits, a bright point 1s marked on the 
tuning fork vibrating with a frequency f The bright 
point, appears stationary when frequency of revolution 
is 14 rev/s. Then fis 
(a) 150 Hz 
(c) 350 Hz 


(b) 250 Hz 
(d) 450 Hz 


A complex periodic wave can be analysed using 
(a) Laplace theorem (b) Fourier theorem 
(c) Doppler’s theorem (d) Regnault theorem 


A spring oscillator and a pendulum oscillator used in 
two watches keep correct time on earth. These two are 
taken on the moon. What happens on the moon? 


21. 


28. 


29. 


30. 


31. 


32. 


33. 


(a) only spring clock keeps correct time 

(b) only pendulum clock keeps correct time 
(c) both clocks keeps correct time 

(d) neither of the clocks keeps correct time 


A vibrating tuning fork tied to the end of a string 2 m 
long is whirled round in a circle. It makes 2 revolutions 
per second. The ratio of highest to the lowest notes 
heard by an observer situated in the plane of the tuning 


fork is . Velocity of sound is 340 ms"! 
(a) 1.23 (b) 1.31 
(c) 1.47 (d) 1.59 


A pipe is running full of water. At a certain point A, it 
tapers from 60 cm to 20 cm diameter at B. The pressure 
difference between A and B is 100 cm of water column. 
The rate of flow of water through pipe is 

(a) 0.14 m?/s (b) 0.6 m°/s 

(c) 1.4 m/s (d) 6 m?/s 


Radius of gryration of a system whose moment of 


l ae | 
inertia about an axis.is A MR? will be 


7 5 
(a) z% (b) a 


(c) Jo (d) fr 
5 7 


Work done per unit volume in a strain when a stretching 
force is applied is 


l 
(a) FxSI (b) 5 FxsI 


(c) stress x strain (d) > stress x strain 
Slug is a unitof __ 

(a) mass 

(b) momentum 

(c) angular momemtum 

(d) magnetic field 


If image needle and object needle are fixed at two 
points and lens when at a position L, gives image of 
object needle at the image needle with magnification 
m, and lens is displaced by a distance d to a point 
L,, the image of object needle 1s again formed at image 
needle but with a magnification m,, then focal length of 
the lens is 

(a) m,—m, m +m, 


(b) 


(c) (d) 


m +m, m- m, 


An achromat combination acts as a converging lens and 
has focal length 30 cm and f 1f ratio of their dispersive 


powers is - then f= cm 
(a) —20 cm (b) 45 cm 
(c) 20cm (d) —45 cm 
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34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


According to the principle of photometers, illuminating 
power of the two sources are 


2 2 

@ 2-4 O 2-45 
L, h L, h 

r? r” 

© si (@) 22% 
L, h L, h 


If white light is used in young’s double slit experiment 
then central fringeis and bordered by | 

(a) white, red (b) white, violet 

(c) red, blue (d) violet, red 


There are 15,000 lines per inch in a grating and sodium 
wave length is used, then maximum orders of spectrum 


which can be seen is 
(a) 2 (b) 3 
(c) 4 (d) 5 
Limit of resolution in a microscope is _ and 
resolving power is maximum when colour light 
is used 
(a) oak red (b) e , violet 
usini usini 
22A 
(c) oO , red (d) — , violet 
sini 


Nicol prism is made using 
(a) glass 
(c) tourmaline 


(b) quartz 
(d) iceland spar 


A convex mirror of focal length 12 cm is introduced 
between lens and image needle such that image is 
formed at the object itself. The object is placed 15 
cm in front of a 10 cm biconvex lens. The position of 
convex mirror from the lens is 

(a) 6cm (b) 5 cm 

(c) 7.5 cm (d) 2 cm 


In medical science, x-rays are used for detection of 
fractures in bones. These x-rays are 

(a) soft x-rays 

(b) hard x-rays 

(c) characteristic x-rays 

(d) none of these 


In a material k» k, L, and L, lines are being emitted 
if Aya Arg Ara and À, pare the wavelengths of the lines 
emitted from it then 


(a) A,, 


k kp “LB “La 
W —=— +L 
Ara Arg Are 
li o 1 ıl 
Tap Ina” Ine 
o bet, 
Ap Ara Ag 


42. 


43. 


44. 


45. 


46. 


47. 


48. 
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The figure shows energy-band diagram of a 


conduction band 
impurity 
level 


(a) p-type semiconductor 
(b) n-type semiconductor 
(c) heavily doped p-type semiconductor 
(d) heavily doped n-type semiconductor 


In an intrinsic semiconductor, Fermi-level lies 

(a) in valence band 

(b) in conduction band 

(c) exactly in the middle of valence band and 
conduction band 

(d) somewhere in between V. B. and C. B. but not 
exactly in the middle of them 


The acceptor density in a p — type semiconductor of 
resistivity 0.2 Q m is . Given mobility of holes 
is 1.2 x 10*cm*V-S 
(a) 3.6 x 10"/m3 
(c) 1.2 x 10!/m? 


A jet plane is travelling west at a 1800 kmh". The earth’s 
magnetic field at the location is 5.0 x 10*T and - angle 
of dip is 30°, then potential difference developed across 
the ends of the wings 25 m long is 

(a) 31.25 V (b) 3.125 V 

(c) 312.5 V (d) none of these 


(b) 2.6 x 10!'/m? 
(d) none of these 


An emf of 50 mV is developed in a coil when crrrent in 
the neighbouring coil varies from 10 A to 5 A in 0.1s. 
The mutual inductance of the coil is 

(a) IH (b) 10°H 

(c) 10° H (d) 10°H 


The equivalent inductance in the circuit is 


0.5 H 
(a) 1H (b) 0.25 H 
(c) 0.5 H (d) none of these 


The electrical bulb rated 500 W at 100 V is used in a 
circuit having 200 V supply. The value of the resistance 
that must be connected in series so that bulb delivers 
500 W is 
(a) 100 Q 
(c) 40 QO 


(b) 60 2 
(d) 202 
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49. Two copper spheres one solid and other hollow of 
the same radius are charged to the same potential, 
then 
(a) solid sphere has more charge than on hollow 
(b) hollow sphere has more charge than solid 
(c) both have equal charge 
(d) none of these 


50. If x 1s electric susceptibility, œ is atomic polarisability 
and N number density of atoms then for a N <<1 


(a) x= (b) x=aN 


(c) x= (d) x=(a N)” 


R|Z Z|R 


51. Ina parallel plate capacitor, the capacitance increases 
from 5#F to 40 UF on introducing a dielectric 
medium. The susceptibility of the medium is 
(a) 8 (b) 7 
(c) 6 (d) none of these 


52. An80#F capacitor is charged by a 50 V battery. The 
capacitor is disconnected from the battery and then 
connected across an uncharged 320 HF capacitor. The 
charge on this capacitor will be 


(a) 8x 10° (b) 3.2 x 10° 
(c) 4x 10° (d) none of these 
53. ForC= UF the net capacitance between A and B will 
be 1 KF. 
C 4uF 4uF 


=H 


6 uF Ha T 2uF 
3uF 3x F 4uF 
i B 
(a) 1 uE (b) = F 
(c) < uF (d) > uF 


54. If two capacitors C, and C, are connected in series, 
their effective value is 3uF but when connected in 
parallel their effective value is 16 HF’. Their magnitudes 
are 
(a) 8MF , 8 uF 
(c) 124F,44F 


(b) 10 4F ,64F 
(d) 9 UF ,7 MF 


55. The unit of temperature coefficient of resistivity 1s 
(a) ohm -m K“! (b) K” 
(c) ohm K“! (d) ohm m“ K"! 


56. The J -— V graphs for a given material are shown in 
the figure at two different temperatures T, and T,. 
Then 


SI. 


58. 


59. 


60. 


(a) T =T, (b) T >T, 
(c) T <T, (d) T <T, 
The current / in the circuit is 
10V 
90 300 302 
I 
300 
(a) 2A (b) 2A 
5 7 
(c) <a A (d) k A 
3 9 
Currents J, and J, in the circuit 
i Ip 
5Q 2Q 3Q 
12V 6V 
66 
@ Sa, By EEF 
31 31 31 
(c) a A, 66 A (d) none of these 
31 31 


Three equal resistors, each R ohm, are connected as 
shown in figure. The battery has emf 2 V and internal 
resistance 0.1 Q. For what value of R the heat generated 
is maximum? 


ee ee Se oe 


(a) 0.12 
(c) 0.3.Q 


(b) 0.2 OQ 
(d) none of these 


If heat produced in 5 Q resistance is 10 cal s7! 
in the circuit shown, then heat produced in 4 Q 
resistance is 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


(a) 2cals! 
(c) 5cals! 


(b) 4 cal s”! 
(d) 1 cals” 


A long wire shown in the figure carries 6 A current. 
The magnitude of magnetic field at the centre is if 
radius of the bent part is 2 cm. 


(a) 1.41 x 104T 
(c) 14.1 x 10* T 


(b) 1.14 x 10*T 
(d) 9x 103T 


The cyclotron oscillator frequency is 10’ Hz. The 
magnetic field for accelerating protonsis__if the 
radius of its dees is 60 cm 
(a) 6.28T 
(c) 1.28 T 


(b) 3.14 T 
(d) 0.63 T 


Permeability of Bi is 0.9983. To which class of magnetic 
materials does, it belongs 
(a) paramagnetic 

(c) diamagnetic 


(b) ferromagnetic 
(d) ferrimagnetic 


If horizontal component of earth’s magnetic field at 
a place is 3.6 x 10% T, then angle of dip at that place 


IS . Given earth’s magnetic field at that place is 
6 x 10“T 

(a) 37° (b) 53° 

(c) 47° (d) cannot be predicted 


Magnetic hysterisis corresponds to 

(a) same is elastic hysterisis 

(b) lagging of magnetic induction behind the mag- 
netizing field 

(c) leading of magnetic induction over magnetizing 
field 

(d) susceptibility 


The order of magnetic moment of an atom is 
(a) 107'Am? (b) 10° Am? 
(c) 107°? Am? (d) 10°? Am? 


The magnetic flux of a coil is given by g = (5 £ + 10 
t — 5) m weber pointing perpendicular downwards 
the plane of paper. The emf induced in the loop 
at t = 5s is 
(a) 6V 

(c) 0.06 V 


(b) 0.6 V 
(d) 0.006 V 


68. 


69. 


70. 


71. 


12, 


73. 


74. 


T3: 


76. 


77, 


78. 
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A passive device when connected in parallel blocks dc, 
it is 


(a) L (b) C 
(c) R (d) pnp transistor 
The impedance of load should be __ if source 


impedance is 20 — 16 j for maximum power to be 
transmitted 
(a) 20-16] 
(c) 10+8] 


(b) 20+ 16] 
(d) 10-8] 


An LC circuit contains L = 20 mH, C = 50 uF with 
initial charge on capacitor 10 mC. If the circuit is 
closed at t = O then the early instant when the energy 
stored is 

(a) 0.78 ms 
(c) 3.16 ms 


(b) 1.58 ms 
(d) 6.32 ms 


A charged particle oscillates about its mean position 
108 times in 1s then frequency of em waves produced 
by itis 

(a) 2.5 10’ Hz 
(c) 7.5.x 10’ Hz 


(b) 5x 10’Hz 
(d) none of these 
Poynting vector is 
(a) B x H Whim’ 
(OÆ x B Wb m”? 


and its unit is l 
(b) E x H,Wbm? 
(d) none of these 


In a capacitor if J, and J, denote displacement and 
conduction current respectively during its charging then 
(a) L= 

(b) 1 >1. 

(c) <I, 

(d) no relation can be established between J, and Z, 


The order of height of ozone layer in ionosphere from 
the surface of the earth is 


(a) 12 km (b) 30km 

(c) 50 km (d) 400 km 

If a red glass is heated in dark room, it appears 
(a) blue (b) white 

(c) red (d) green 


The spectrum produced by Hg lamp is 


(a) continuous (b) band 

(c) line (d) absorption 

The star is receding with ___ velocity if its frequency 
decreases by 0.2%. 


(a) 1.5 x 10° ms“! 
(c) 4.5 x 10° ms“! 


(b) 3 x 10° ms“! 
(d) 6 x 10° ms“! 


Two bullets are fired simultaneously, horizontally with 
40 ms and 120 ms" from the same place. The bullet 
which hits the ground first is 

(a) the one moving with 40 ms" 

(b) the one moving with 120 ms" 

(c) both hit the ground simultaneously 

(d) depends on their masses 
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79. 


80. 


81. 


82. 


83. 


84. 


85. 


Six particles situated at the vertices of a regular hexagon 
of side 1 move at a constant speed V. Each particle 
maintains a direction towards the particle at the next 
corner. The time the particles will take to meet each 
other is: 


3a 2a 
(a) av (b) ay 
c) 24 = 


y © y 


A pendulum of length / has bob of mass m. It is 
oscillating in a vertical plane. The point where the 
tension in the string is mg cos@ is 

(a) mean position 

(b) extreme position 

(c) somewhere between mean and extreme position 
(d) never achieved 


A ball falls on an inclined plane of inclination 0 from a 

height h above the point of impact and makes a prefectly 

elastic collision. Where will it hit the plane again? 

(a) 8hcos@ (b) 4hcos 0 

(c) 4hsin 0 (d) 8 h sin 0 

The gravitational field due to a mass distribution is 
3 


K . P 
given by E = — in x-directron. The gravitational 
x 


potential at x is 


_ —K 
a = (b) — 
x 2x 
K K 
A ay 
© o > 


A satellite is orbiting the earth close to its surface. A 
particle is to be projected from the satellite to just escape 
from the earth. The escape speed with respect to the 
earth is v, Its speed to projection 

(a) will be less than V, 

(b) greater than V, 

(c) equal to V 

(d) will depend upon the direction of projection 


In the equation of damped oscillation 
2 


m +kx+b a =0 
dt dt 
The damping factor is 
(a) k (b) b 
k b 
c) — d) — 
(c) zr (d) zr 


A uniform rope of length 12 m and mass 6 kg hangs 
vertically from a rigid support. A block of mass 2 kg is 
attached to the free end of the rope. A transverse wave 
of wavelength 0.06 m is produced at the lower end of 
the rope. The wavelength of the wave at the top of the 
rope is 

(a) 0.06 m 
(c) 0.12 m 


(b) 0.09 m 
(d) 0.15 m 


86. 


87. 


88. 


89. 


90. 


W. 


92. 


93. 


94. 


95. 


96. 
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Two amplifiers having gain A, and A, are connected in 
tandem, the net gain is 


(a) A, +A, (b) 


(d) A.A, 


The activity of a radioactive material falls to = th of its 


A, +A, 
2 


(c) A,A, 


initial value in 30 hours. The half - life of the material 
iS 

(a) 7.5 years 
(c) 10 years 


(b) 2.5 years 
(d) 6 years 


vA > uB + e+ complete the reaction. 

(a) none (b) v 

(c) v (d) u 

The life time of quasi-stable state is of the order of 
(a) 10°s (b) 1s 

(c) 10° 5s (d) 2.5 A° 

The angle of reflection for first order monochromatic 


x-rays from a crystal whose atomic spacing is 2.5 A° 
is 15°. The wavelength of the x-rays is 

(a) 1.294 A° (b) 0.647 A° 

(c) 1.9 A? (d) 2.5 A° 


The œ= particle beam of KE 4 MeV is incident on gold 
foil. The distance of nearest approach is of the order of 


(a) 10°?m (b) 10-4%m 
(c) 107m (d) 10°'°m 
The radius of second excited state of L+ +is 
(a) 4.77 A° (b) 2.12 A° 
(c) 1.59 A° (d) 1.06 A° 


When an electron makes a transition from third to first 
orbit in an atom, the wavelength emitted is A. When the 
electron makes a transition from third to second orbit 
and second orbit to first orbit, the wavelengths emitted 
are A, and A, respectively then 


1 1 1 
(a) A=A, 44, (b) 7 Fi + A 
(c) A=1,-4, (d) A,=A-A, 


The binding energy of second excited state of L+ + 
according to Bohr’s model 1s 

(a) — 108 eV (b) —40.8 eV 

(c) —13.6eV (d) none of these 


If the electron is present in the fifth excited state in 
hydrogen atom, then maximum number of lines which 
can be emitted is 
(a) 15 
(c) 24 


(b) 10 
(d) 12 


Model of nucleus is called 
(a) shell model 
(c) Rutherford model 


(b) Bohr’s model 
(d) Dirac’s model 
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We know that Bohr’s model is not applicable to He +. 
Then which theory is applied to it 

(a) perturbation theory 

(b) Schrodinger wave equation 

(c) Debye model 

(d) Einstein’s model 


The tip of an iron needle behaves as a magnet because 
(a) iron is ferromagnetic 
(b) tip of the needle contains a single domain 


Answers 

1. (d) 2. (b) 3. (d) 4. 

8. (d) 9. (a) 10. (a) 11. 
15. (b) 16. (a) 17. (a) 18. 
22. (a) 23. (d) 24. (o) 25. 
29. (c) 30. (d) 31. (a) 32. 
36. (b) 37. (b) 38. (d) 39. 
43. (o) 44. (b) 45. (b) 46. 
50. (b) 51. (b) 52. (b) 53. 
57. (a) 58. (a) 59. (o) 60. 
64. (b) 65. (b) 66. (d) 67. 
71. (d) 72. (b) 73. (a) 74. 
78. (o) 79. (c) 80. (b) 81. 
85. (c) 86. (c) 87. (a) 88. 
92. (o) 93. (b) 94. (o) 95. 
99. (b) 100. (c) 

EXPLANATIONS 


AL 2AT 
(d) A8 100 = —+—— =2+1(2)=4% 
g L T 
(b) B = PV = MĽ T” 
(d) a, > a; 


2 
mv 


d 
(a) F= — =30 P= 
dr 


v= 100 ms"! 


1 
E=KF+PE= = x3 (100} + 10 (10)° 


=2.5 x 10*J 
L = mvr =3 x 100 x 10 = 3000 kg m”/s 
y? 107 
d) tan@ = — = =lord=45° 
(d) tan Re 10x10 or 5 


(b) APx = mv (cosa + cos ) 


vanfa vsina 
1 
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(c) needle gets magnetized during manufacturing 
(d) none of these 


99. Resistance of a thermistor with rise in temperature 


(b) decreases 
(d) remains constant 


(a) increases 
(c) both (a) and (b) 


100. An LSI has components. 


10. 


11. 


13. 


14. 


(a) 10? (b) 103 

(c) 104 (d) 105 
5. (a) 6. (d) 7. (b) 
12. (o) 13. (c) 14. (d) 
19. (c) 20. (d) 21. (a) 
26. (a) 27. (d) 28. (a) 
33. (d) 34. (b) 35. (b) 
40. (a) 41. (c) 42. (d) 
47. (a 48. (d) 49. (o) 
54. (c) 55. (b) 56. (o) 
61 (a) 62. (d) 63. (c) 
68. (b) 69. (b) 70. (o) 
75.. (d) 76. (o) 77. (d) 
82. (©) 83. (d) 84. (d) 
89. & (c) 90. (a) 91. (b) 
96. (a) 97. (a) 98. (b) 


A Py= mv (sina — sinf ) 


AP= JAPx? +AP?y =mv ./2+2cos (a+ $p) 


= 2 mv cos (a +£) 
2 
(d) `. acceleration and velocity are perpendicular. 
GM 
(a) W = mAV = m( 
2a 


= mea — oO apa 
Tua 6) 3 
(a) 17 times the speed of the earth. 
ne? lL 2 
(b) W = A PE GMm | —-—| = G Mm | —-— 
2 3R R 3R 
GMm R 
=z —— =mg ss 
3R 3 
2 10° 
(c)v= P XW = 15.8 ms" 
pP 800 
_U,+U, _ loc _ 
(d) Vi 1+UU, _ 1.64 = 0.975 c 
C 
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18. 


19, 


20. 


2; 


a2. 


23. 


24. 
26. 


27. 


28. 


29. 


33. 


34. 


36. 


44, 


45. 


46. 


3RT —«([3x8.32x300 
Oo -o SARA 
EEE, 32x10” = 


T. 
(c)As= mc log — = 10 x 2.303 bye = 1.37 cal k“! 
eT 273 


(a) I= 2m py fv 
= 2 x 10 x 0.32 x (.1)?(850)? (340) 


= 175kWm” 
aus sini E sini _ 332 = 0638 of} = 3° 39 
YHE inr  sin90 5200 0°. 
& 
d) f= 
() fam JJ 


2 l 


E 
26x10 


(c)F=mp=25x 14 
(a) As time period is independent of g 


Le 3404+2x27x2 


= =k 
n,  340-2x2mx2 n 


(d) 


= (.1)?-J2x10 


= 14 m’s"! 


7 
(c) Mk =I =ork= fer 


(d) A ae or f= 30( 5) = 45 cm 
w P) 


2 2 


L 


2 
2 


L 
(b) = 
r, 


1 h 


(b) n= = 
1 1 


b = = S 
(b) p a fee 


1 l 
phH,e ~ 0.2x1.2x 108 x1.6x10- 


=2.6 x 10!! 
(b) V=(B sin 30) lv 


orh =N,= 


-3 
as Sie 


Vat 5 


48. 


49. 


51. 
52. 


93: 


55. 


58. 


61. 


62. 


63. 


64. 


71. 
75. 


M.37 
y> 
(d) R,= F = 20 Q; I (R+ R) = 200 V 
100 
or R = 20 Q; current thorugh Bulb = > 7 5A 
ee: 
tee 4 TEF 
(b)x=k-1 
(b) Q = CV = 10% 80 x 50 = 4 x 10°C 
eat L 
new Powe c,+c, 400x10% 
charge on second capacitor Q = C, V' = 3.2 x 10°C 
10 
4 10 3° 
(b) —+2 = —; 10 l 
3 3 — +C 
3 
10 
—- — UF 
C 7 u 
d 
(b) a = om 
pdT 


(a) Apply loop law 


(c) For P to be maximum r= R, 


R 
R, net = = =0.1 QorR=0.32 


r 
(a) ace = or x = 2 cals! 


o 


1(3 4nzx107x6 3 
(a) B = ml 3) _ ee x= = 1.41 x 104T 


2r \4 2x2x10* 4 
am q 
dj T= —— 27 
(2 B 2am 
on l 7 l -27 
TE fm E 6.28x10 a L 
1.6x10 
= 0.628 T 
(c) Permeability is less than 1. 
3.6x10* 
(b) cos ô = r = a = 0.6 or ô = 53° 


(c) æ = (10t + 10) x 103=(10 x 5 + 10)10 


= 0.06 V 
(b) Z,=Z;=20+16j 
(b) The instant at which charge on capacitor is zero i.e. 


AN LC 
f 


= 1.58 ms 


T 
Q = Q cosoøt or t= a = 


(d) As f= 10°Hz 


(d) It will appear of complementary colour, 1.e., 
cyan. 
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TI., 


79. 


82. 
85. 


EEN E E E 
CT ms 


a 2a 


aia v—vcos60 ~ yv 


. K 
(c) V=-—J.* E.dx= 332 


(c)V=fa 


orA=0.12m 


87. 


90. 


of; 


92; 


93. 


94. 


95. 
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(a) 16=2*or 44% =30hor t% =7.5h 


(a) Use 2d sind=nA 


2(ze)e 
re - (ze) 
ne (KE) 
2 
(c) r = aA r= edi = 1.59 A’ 
Z 3 
hc h 
(b) he = BE Ae 
A A, A2 
zE, 9 
(c)E = -o rte (— 13.6) eV=— 13.6 eV 
-1 6x5 
(a) No. of lines = mu = 5 = 15 
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MODEL TEST 
PAPER 5 


The dimensions of solar constant are 
(a) [MT] (b) [ML? T>] 
(c) [MTO k +] (d) ML'T?K+] 


If F and F, are radial and angular forces and r is 
perpendicular distance then torque z is given by (F is 
total force) 

(a) t=F xr 

(c) Fox rth xr 


(b) t=F xr 


0 
(d) none of these 


Maximum particle velocity 1s equal to 
(a) wave velocity x maximum strain 
p) wave velocity 

(b) maximum strain 

(c) wave velocity 

(d) maximum wave velocity x strain 


The overtones produced in a closed pipe are 


multiples of fundamental frequency f, 

(a) odd (b) even 

(c) all integral (d) none of these 

A thermometer reads 80° C when mercury level is 


8.4 cm, it reads 40° C when mercury level is 5.6 cm. 
The temperature when mercury level is 4.8 cm is 


(a) 31.2° C (b) 33.3° C 

(c) 30.1° C (d) 28.6° C 

When one moves up by 2 km, the temperature falls by 
(a) 6° C (b) 8°C 

(c) 10°C (d) 12°C 


Specific heat of solids according to Dulong and Petit’s 
lawis____ cal g`! °C7! 
(a) 2 
(c) 6 


(b) 4 
(d) 8 


The work done in the given indicator diagram is 


P A 


(a) negative 
(b) positive 
(c) cannot be predicted 
(d) positive or negative 


Thermal resistance is 

(a) inversely proportional to length of conductor 
(b) directly proportional to length of the conductor 
(c) depends only on the nature of material 

(d) none of these 


10. 


11. 


12; 


13. 


14. 


15. 


16. 


À „T = b (constant) is called 
(a) Rayleigh Jean’s law 

(b) Dulong Petit’s law 

(c) Wein’s displacement law 
(d) none of these 


The moment of inertia of a rectangular lamina of 
length J, width b and having mass M, through its centre 
of mass and perpendicular to the lamina 1s 


a n|: + | m n|! +b | 


3 
©) M lib 
6 


l? +b? 
(d) M Í | 
The unit of magnetic flux is 


12 


(a) Tesla (b) A—m 
(c) Gauss (d) Maxwell 
The significant figures in 0.08760 are 
(a) 3 (b) 5 
(c) 4 (d) 6 
Specific resistance of a material was measured using 
N mr’ R 
l 


If R=544+2Q0 l= 136.0 + 0.1cm, r = 0.26 + 0.02 cm 
then percentage error in specific resistance 1s 


(a) 9.2% (b) 12.4% 
(c) 15.8% (d) 19.2% 
The displacement of the (a — t) graph shown will be 
a(m/s?) 
5 
20 30 i 
0 10 
=5 
(a) 250 m (b) 500 m 
(c) 750 m (d) 1000m 
The velocity at t = 0 is 
V 


t 


(a) negative 
(c) zero 


(b) positive 
(d) cannot be predicted 
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17. 


18. 


19, 


20. 


21. 


22; 


23. 


24. 


Two vectors are 5 i + 3 j and 6 i — j. Their resultant has 
magnitude 
(a) 545 


(c) 10 


(b) 5 
(d) 125 


If maximum height achieved is h when a particle is 
thrown up then maximum range will be 


(a) h (b) 2h 
(c) 3h (d) =h 


The range on an inclined plane of inclination a will be 
maximum for a projectile projected with a velocity u 
making an angle @ with the horizontal when 


(a) 0=2a (b) a=20- = 


(c) a=7 -0 (d) a=x-260 

2 
A vehicle of mass m having distance between inner 
wheel a, having centre of gravity at a height h from the 
ground taking a turn of radius r will have maximum 
velocity 


rga 
a) V =4/r b) V = 
(a) Vox VUE (b) Vna TE 
L PSS: EE jlod-9 
(c) V aax = rh (d) = h 


A cubical room is made of mirrors. An ant is moving 
along the diagonal of the floor in a straight line such that 
the velocity of the image in two adjacent wall mirrors 
is 20 cm/s. Then velocity of the image of the ant in the 
ceiling mirror is 

(a) 20 cm/s (b) 10 cm/s 

(c) 10 /2 cm/s (d) .20 Y2, cm/s 


A projectile is fired at an angle @ with velocity 3i + 4j 
on return to the ground, its velocity will be 
(a) —3i-4j (b) -31+ 4) 
(c) 3i-4j W 3i+4j 
x? 
If y=x- = is the trajectory of a particle, then the 


time of flight 1s 

(a) - (b) ; 

a See 
Js vg 


(c) a2 (d) k 
a a a 
Vg ve 
A given object takes n times as much time to slide down 
a 45° rough inclined plane as it takes to slide down a 


perfectly inclined plane. The coefficient of friction 
between the object and inclined plane is 


oa) oe 
n l-n 


(c) a a J 
n l-n 


2 


235. 


26. 


Zi: 


28. 


29. 


30. 


31. 
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A chain of mass m and length / placed on a frictionless 
table such that its — partis over hanging. The amount 
n 


of work done in pulling it up is 


l l 
(a) mg — (b) mg — 
n n 
(c) m Z (d) m 2 
$ 2n? 8 2n 


The coefficient of restitution for a perfectly elastic 
collision is 
(a) -1 

(c) 1 

A particle of mass 4 m at rest explodes into 3 fragments. 
Two fragments of mass m each move at speed V each 


perpendicular to one another. Then energy of the 
fragment of mass 2 m will be 


(a) mV (b) 


(b) 0 
(d) œ 


2 ay 
2 


N 


mV 


(c) 2 mV? (d) 


A‘sphere, a disc and a ring of the same radius slide 
down an inclined plane of angle 0, then___ touches 
the ground at the last. 

(a) sphere 

(b) ring 

(c) disc 

(d) all of them touch the ground at a time 

One meter rod is kept horizontal and is hinged at one 


end and is allowed to fall down. The velocity of the 
other end at bottom is 


(b) 28 


(d) none of these 


(a) 38 
(c) Jeg 


If the distance between earth and sun becomes one 
fourth of the present distance, then duration of the year 
will be 


l 
(a) = year (b) g year 


i i 
(c) z year (d) 7 year 
If a capillary tube is of insufficient length, then 1f it is 
dipped in a liquid 
(a) liquid will fall down 
(b) extra liquid will stick on the walls of the capillary 
tube 
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32. 


33): 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


(c) extra liquid will collect as a drop on the top of 
capillary tube 
(d) none of these 


If two wires of equal length and equal area of cross- 
section made of steel and copper wire having young 
modulus Y and Y respectively are stretched by equal 
weights then their strains have ratio 


Y Y 
os bì) — 
(a) Y (b) Y 
(c) Y, (d) none of these 


A slab consists of two parellel layers of two different 
materials of same thickness having thermal conductivities 
K and K,, then find combined conductivity. 


(a) k, +k, (b) ati 
2k k 

o 4th (a) 
kk, k, +k, 


For a sharp-edged circular hole the area of vena 
contracta is of the hole area. 


(a) 10% (b) 32% 

(c) 51% (d) 62% 
Kater’s pendulum is a pendulum. 

(a) simple (b) compound 


(c) torsional (d) none of these 


Two particles are moving in opposite but uniform 
circular motions of radius r and of angular velocity ‘@’ 
each then their resultant is 

(a) circular motion (b) motion in astraight line 
(c) SHM of amplituder (d) SHM of amplitude 2 r 


The radius of Si nucleus is 
(a) 3.3 x 10" 
(c) 5.3 x 10" 


(b) 43.x 10-9 
(d 2.3 x 105m 


The fission process is based on theory. 
(a) liquid drop model (b) binding force 
(c) Yukawa theroy (d) Becquerel theory 


A radioactive source and a capacitor in RC discharging 
circuit have undecayed nuclei to charge ratio constant. 
If R= 2k Qand C = 10uF then half life of the 
radioactive sample is nearly 

(a) 12 ms (b) 39 ms 

(c) 71 ms (d) 139 ms 


If H,- line of Balmer series is 567.5 nm, then H i line 
of paschen series will be nearly 

(a) 798 nm (b) 912 nm 

(c) 1054 nm (d) 1128 nm 


Which of the following devices shows a negative 
resistance? 

(a) tunnel diode 
(c) varactor diode 


(b) zener diode 
(d) photo diode 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


Dark current is a term associated with 
(a) current in a dark room 

(b) photo cell 

(c) transformer 

(d) vacuum tube 


A capacitor is designed in the from of a staircase as 
shown in Figure . If the base area is A then capacity of 
the system is 


d 
d 
| 
AE 3AE 
oO b oO 
(a) F (b) >J 
5 AE 11 Ae 
= o d 2 a o 
9 OG © is a 


A particle of mass m, charge g is thrown at a speed u 
against an electric field E. The distance travelled by it 
before coming momentarily to rest is 


mu’ mu 
a b) — 
N 24E S 24E 
(c) me a 2e 
qE qE 


A positive charge q is placed in front of a conducting 
solid cube. Electric field at the centre of the cube due 
to charges appearing on its surface is 


q 

(a) zero (b) 3e. J? 
q q 

d —_+— 

er Eer 


A particle having a charge 2 x 10% C and a mass 
100 g is placed at the bottom of a smooth inclined plane 
of inclination 30°. Where should another paticle B of 
same mass and charge be placed on the incline so that 
it may remain in equilibrium? 

(a) 15 cm from bottom 

(b) 21 cm from bottom 

(c) 27 cm from bottom 

(d) 33 cm from bottom 


The potential difference is when a charge 0.01C 
moves from A to B when work done is 12 J. 

(a) 1200 V (b) 120 V 

(c) 0.12 V (d) 1.2 V 


A charge Q is placed at a distance 1/2 above the centre 
of a horizontal square surface of edge /. The electric 
flux passing through it is 


49. 


50. 


51. 


D2: 


53. 


@Q 
a) £ oo) = 
E, 2E, 
Q Q 
tc) 4E, e 6E, 


Two large conducting plates are placed parallel to each 
other at a separation of 2 cm. An electron starting from 
rest near one of the plates reaches the other plate in 
2 us. The surface charge density on the inner surfaces is 
(a) 0.505 x 10-?C/m? (b) 5.05 x 10-7? C/m? 

(c) 5.05 x 10-7! C/m? (d) none of these 


The charge on 25 uF capacitor is 


15V F 
25uF 
(a) 100 uC (b) 250 uC 
(c) 375 uC (d) none of these 


The capacitance between A and B of the infinite series 


baal P 


2 
(c) 2+5 C 


5=l 
(a) (b) = C 


(d 1+ V5 C 


A parallel plate capacitor 1s connected to a battery of 
emf Vo. Battery is removed after the capacitor is charged 
and a dielectric of strength k is introduced then potential 
difference between the two plates is 

(a) V, (b) KV, 

(d) none of these 


(c) 


a |S 


A parallel plate capacitor with plate area 100 cm? and 
separation between the plates 1cm is connected across 


54. 


59. 


56. 


57. 
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a battery of emf 24 V. The force of attraction between 
the plates is 

(a) 2x 107N 
(c) 3x 107 N 


(b) 2.5 x 107 N 
(d) 3.5 x 107N 


The colour code of 1. resistance is 
(a) Black Brown Black (b) Brown Black Black 
(c) Black Black Black (d) Brown Black Gold 


If Z (mA) = 10 W for a device, then resistance of the 
device when V = 40 V is 
(a) 800 Q 
(c) 1.25 Q 


(b) 20 Q 
(d) none of these 


The current through resistance œR in the circuit shown 


2 
E, 


En HEN b En TEN 
(ay —————— (b) ee 
(7,+7r,)R rr, +(4 +h) 
EN TEN d En tEn 
O = (d ——__+_ 
(7,+17,)R nr, +(n +r )R 


If each resistance is r then resistance across BC is 


A 
B C 
r 
(a) r (b) 3 
L ay 
(c) (d) ri 


3V 

2V 

1V 
(a) -1A,0,-1A (b) 1A,0,-1A 
(c) -1A,0,1A (d) 0,1 A,-1A 
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59. 


60. 


61. 


62. 


63. 


64. 


65. 


The potential difference V — V, in the given circuit is 


R, 
R, 
R, x 
(a) (£, + €,)R, (b) (£, = €,)R, 
R,+R,+R, R, +R, +R, 
(c) a (d) none of these 
R R, + R,R, + RR, 


The charge on 1u F capacitor in the circuit is 


Tuk 2uF 
1Q 19 
6V 
(a) 1 uC (b) 2 uC 
(c) 3 uC (d) zero 


Emf generated in copper/Iron thermocouple is 0.8 V. 
When same temperature difference was maintained emf 
generated between Iron/constanton was 1.3 V. Then emf 
between copper/constantan thermocouple for the same 
temperature difference is 
(a) —0.5 V 

(c) -2.1 V 


(b) +0.5 V 
(d=2.1 V 


A lead accumulator when fully. discharged (in order to 
be recharged) shall have emf 

(a) 0.2 V (b) 1.2 V 

(c) 0.8 V (d) 1.8 V 


A charge 2 uC moves with a speed 2 x 10* m/s along + 


x direction. A magnetic field B (0.2 j +0.4 k) T exists 
in space. The magnetic force is B 

(a) 0.8 k (b) 1.6 k 

(c) 08 k+j (d) 0.8 k-1.6j 


Maximum torque acting on a loop having 100 turns of 
radius 2 cm, carrying a current | A when placed in a 
magnetic field of 2 m T is 
(a) 4r x 107Nm 
(c) 8r x 10°Nm 


(b) 8r x 10° Nm 
(d) 4r x 10°Nm 


The magnetic field at O in the given loop of radius 
10 cm when a current 2 A passes through it is 


66. 


67. 


68. 


69. 


70. 


(b) 4r x 10°T 
(d) zx 10°T 


(a) zero 

(c) 27x 10°T 

The magnetic field existing in the region is given by 

B = B ( 1- 5 k. A square loop of edge a, carrying 
a 

current i, is placed with its edges parallel to x — y axes. 

Magnitude of net magnetic force is 

(a) zero (b) iB a 

(c) 2iBa (d) V2 iB a 

A particle having mass m and charge q is released 

from the origin in aregion in which magnetic field and 


electric field are given by B =B; j and E =E; k. The 
speed-of the particle as a function of its z-coordinate 


a e (by 2z 
2m m 


(c) 2qE ,z 
m 


(d) zero 


In the figure shown $B. dl= Mi wherei= 


LO 


L® 


b) L+L+L-L-1L, 
(d) +/+, 


(a) i= +L- 
(C) LtL+IL-L-IL 
Two long wires carry current 2 A each. They are parallel 


and are separated by 50 cm. The magnetic field at point 
P (mid point of separation between two wires) is 


en 


2A 2A 


50 cm 


(a) 16x 107T 
(c) 64x 10°T 


(b) 32x 107T 
(d) 8x 107T 


The magnetic field at the centre of a circular ring of 
radius 20 cm is 


71. 


TZ, 


73. 


74. 


75. 


76. 


(a) 4r x 107T 
(c) 20m x 10°’T 


(b) 10r x 10T 
(d) 407 x 107T 


Two short magnets are connected as shown. The 
magnetic moment at a point P distant d from the 
centre is 


S 
N S 
d 
af 45° 
P N 
a) Ho! (b) H,N2M 
4rd’ And? 
4nd? 4nd° 


If A wire of length / is stretched to double its length, 
then resistivity of the wire will 

(a) become double (b) become 4 times 

(c) become half (d) remain unchanged 


Between two successive collisions a free electron in 
the absence of applied electric field moves 

(a) ina straight line 

(b) in a curved path 

(c) in any manner, i.e, curved or straight line 

(d) none of these 


A photo cell has work function 3.2 eV, then photo, 
electric emission 1s possible by 

(a) 100 W incandescent bulb 

(b) 40 W flourescent lamp 

(c) 400 W sodium lamp 

(d) 10 W uv source 


A beam of white light is incident on a plane surface 
absorbing 70% of light and reflecting rest. If the 
incident beam carries 10 W power then force exerted 
by it is 

(a) 2x 108 N 
(c) 4.3 x 105 N 


(b) 2.3 x 10N 
(d) 0.3 x 10°°N 


When light radiation is incident on a substance then 

(a) photon can be completely absorbed by a free 
electron 

(b) photon cannot be completely absorbed by a free 
electron 


Ti; 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 
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(c) photon is also released along with free electron 
(d) none of these 


The momentum of a photon of wavelength 600 nm is 
(a) 3x 10“ kg ms"! (b) 2.2 x 10% kg ms"! 
(c) 1.1 x 107” kgms” (d) 3.1 x 10% kg ms! 


A solenoid of inductance 50 mH and resistance 10 Qis 
connected to a battery of 6 V. The time elapsed before 
the current acquires half the steady state value is 

(a) 1.5 ms (b) 2.5 ms 

(c) 3.5 ms (d) none of these 


Two conducting circular loops of radius R, and R, are 
placed in the same plane with their centres coinciding. 
If R, >> R, then mutual inductance between them 


is (Assume current is established in outer coil). 
2 m R? 
(a) Moth o) “A 
2R, 2R, 
2R, +R, 2R, 


In an RL circuit R = 1 Q, L = 4 H and a battery of emf 
6 Vis switched ON and ż = 0. The power dissipated at 
t=4sis 


(a) 14J (b) 7J 

(c> 1.4J (d) none of these 

The power consumed ina series LCR circuit is _at 
resonance. 


(a) minimum 

(b) maximum 

(c) equal to that at off resonance frequencies 
(d) zero 


Bandwidth of a series LCR circuit is 


(a) R?C?+4LC (b) 2VR?C? +4LC 
| 2772 
NR ee (d) none of these 


LC 


A radio operates on 6 Vdc. A transformer of 18 turns in 
secondary is used to convert ac mains to 6 VAC which 
is further rectified to give 6 V dc. The number of turns 
in the primary are 
(a) 330 
(c) 600 


(c) 


(b) 660 
(d) none of thes 


The electric current in a circuit is given by i=i, Í then 


. , T 
r ms value in the period 0 < t <t 


lo tye 
a) uae 
io p i 
©) 3 @ | 


The height of an antenna which can serve an area 
314 km? is nearly 
(a) 8m 

(c) 18m 


(b) 80m 
(d) 180m 
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86. 


87. 


88. 


89. 


90. 


Two needles are fixed 100 cm apart. At a position of 
lens lying in between, the image of one needle is formed 
over the other. If lens 1s displaced by 10 cm again the 
image of one needle is formed over the other, then focal 
length of the lens 1s 


(a) 26.5 cm (b) 24.75 cm 

(c) 21.75 cm (d) none of these 

A lens of power 4 D is immersed from one side in water 
then the focal length of the system 1s (u = 1.5) 
(a) 50cm (b) 100 cm 

(c) 150 cm (d) none of these 


To resolve sodium light the number of lines required 
in a plane transmission grating in first order 
Spectrum is 
(a) 1000 
(c) 500 


(b) 1500 
(d) 4000 


Accroding to Moseley’s law, wavelength and atomic 
number of characteristic x-ray of the element are 
related as 

(a) JÀ oC Z 


(c) zæ A! 


(b) Acz 
(d) z œ A! 


B + B C can be implemented using 
(a) OR gate 

(b) AND gate 

(c) NOT gate 

(d ) all (a), (b) and (c) are required 


91. (137.25) in binary number is 
(a) 10001001.01 (b) 10010001.01 
(c) 10001010.01 (d) none of-these 
92. A transistor with h,, = 49 is used in a commonbase 
amplifier. The maximum value of current gain in a CB 
amplifier will be 
(a) 98 (b) 49 
(c) 0.49 (d) 0.98 
Answers 
1. (a) 2. (b) 3. (a 4. 
8. (b) 9. (b,c) 10. (c) 11. 
15. (d) 16. (a) 17. (a) 18. 
22. (o) 23. (a) 24. (a) 25, 
29. (a) 30. (d) 31. (c) 32. 
36. (d) 37. (a) 38. (a) 39. 
43. (d) 44. (a) 45. (o) 46. 
50. (b) 51. (b) 52. (c) 53. 
57. (o) 58. (o) 59. (o) 60. 
64. (o) 65. (a) 66. (b) 67. 
71. (b) 72. (d) 73. (b) 74. 
78. (o) 79. (a) 80. (a) 81. 
85. (a) 86. (b) 87. (a) 88. 
92. (d) 93. (a) 94. (a) 95. 
99. (b) 100. (a) 


93. 


94. 


95. 


96. 


oT, 


98. 


99. 


100. 


Specific activity of a radio active sample is 


(a) activity/mass (b) Ci 
(c) Bq (d) AN 
In a breeder reactor fuel used is 

(a) s U (b) s2 U 
(c) 3? Pu (d) 33? Np 


In interference experiment with double slits, one of the 
slit is twice wider of the other. Then ratio of intensity 
of bright to dark fringe is 


(a) 2 (b) 4 

(c) 3 (d) 9 

In case of a plane mirror (thick) the brightest image is 
(a) first (b) second 

(c) third (d) fourth 

The mirror which gives only positive magnification is 
(a) plane (b) convex 

(c) concave (d) (a) and (b) both 


To measure temperature accurate up to 10-* °C we shall 
use thermometer. 
(a) pyrometer 

(c) thermocouple 


(b) mercury 
(d) thermistor 


The reflected and refracted rays are at right angles to 
each other and angle of refraction is 37°, then refractive 
index of the medium is 


3 4 
1 1 
d 
tc) sin 37 a cos37 


The pressure of air in the bulb of a constant volume 
gas thermometer is 73 cm of Hg at 0°C, 100.3 cm at 
100° C and 77.8 cm of Hg at room temperature, then 
room temperature is 


(a) 17°C (b) 27°C 

(c) 7°C (d) none of these 
5. (d) 6. (d) 7. (c) 
12. (d) 13. (c) 14. (b) 
19. (b) 20. (o) 21. (d) 
26. (o) 27. (d) 28. (d) 
33. (a) 34. (d) 35. (b) 
40. (d) 41. (a) 42. (b) 
47. (a) 48. (a) 49. (a) 
54. (d) 55. (o) 56. (b) 
61. (d) 62. (d) 63. (d) 
68. (a) 69. (b) 70. (0) 
75. (o) 76. (b) 77. (o) 
82. (o) 83. (b) 84. (d) 
89. (d) 90. (a) 91. (a) 
96. (b) 97. (a,b) 98. (d) 
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EXPLANATIONS 
80-40 84-56 i 
5. (d) o a. 44. (a) 2- u? = 2as or s= 5- 
Te . 
80-T 3.6 — 24E 
or 2.8 T= 80 x 2.8 — 40 x 3.6 3 a 9 
80 ie. Oats ee 
= 40 (5.6-3.6) T = & Amex’ 9.8x.1 
20 or x = 27 cm 
= — =28.57°C 
a 
l 
9. (b,c) R thema ~ KA 


12. (d) C GS unit is Maxwell and SI unit is weber. 


17. (a) ¥ = 5) 437 +6- jik = VIP? +2? = 5V5 


mv? a 
20. (c) —— h=mg — 
á 2 49. 
21. (d) v cos 45 = 20 or v = 20V2cms” 


m l mel 52» (c) v= Q = CV, = A 
25. oos #{L)- = > aa kC kC k 
n \2n 2n 
1 CV? AV? 
1 1l 53." (b) F=- —— = i 
29. (a) Mg = 5 I” 2 d 2d 
2 55. (c)l=10W 
2 
we n a or dI = 20Vdv 
2 = 3 dV 10 
orr = —=—=1.25 
>low=ve= V38 dI 800 
30. (A T œR? 56. (b) E„ = Er, +E r, [= eer 
37. (a)use R =R, A”? NE 7 +R 
hth 
—Àt 
39, (0 X E 57. (a) ra 572 
g Qe “* ER €R, +e,R 
1 59. (c) V = —— < ande = 14 4 
= fe a= a R R, R “4 R + R, 
nC R4R ? 
ort = ©6933 mS 
Mae A 61. (d) E Copper constantan = E Copper Iron T Eron constantan 
5 ` - s 
1 1 36 63. (d F=2 x 10 (2 x 106i) x (0.27 +0.4k) 
40. (d) A, Ford _ 16 E 5x9x25 125 64. (c)t=nI1 (AB) 
A -l P ~ 36x16 64 67. (©) V=2as 
-E or = V2as 
pea 12 -5675x 2 = 1128 gE, 
=A ei . s4 = nm = 19 - z 
43. (d) Three capacitors are in parallel so, ee 2Myi  2x4mrx107 x2 
C=C +G +C, 2nd 2m x 0.25 


Agé, A& Aé& 1146, 


=“ "34d" 6d Od I8d 


70. (©) B= Po 
2r 
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_ UM 
71. (a)use B= And? V3cos’@+1 


7 2(3) 13 
75. F= —+— = 
Pa E C C 3x108 


N 


h 
T1. (c) p= q 


18. (0) i= ie 


li 
79. B= 
9. (a) OR, 
Mol 2 
i 2R 
y- b- BFR 
i 2R, 
80. (a) = 4 
. (ajt=—= 
ae s 
e 
i= — (l-e 
R 
= 6 x (.633) 
=3.8A; 


P=?R=3.8?x 1=14]J 


100. (a) 


M.47 
N 220 

83. (b) o A 
84. (d) i? = = [Par - i 

o m 21. 3 
85 Use (2 Rh) n=314 (et 

. (a) Use ( )n= or = T5800 m 
86 b U _ Pta’ _ 100° 10" yas 

. (b) Use f= i 400 = 24.75 cm 
87. (a) f' = 2f 

A 

88. R.P = — =nN 

dA 

forn= 

N= == =983 


90. (a) B+ BC=B4+C 

B 49 
2. (d) a= — = — = 98 
a e 1+6. 50 
99. (b) w= tan 53 = 4/3 
m0) 778-73 
100  100.3-73 
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PA PER 6 


nym a” 
Ifx= a b", y= 2E ar 
(a) The error in x = error in y > error in z 
(b) The error in z > error in y > error in x 
(c) Error in x = y < error in z 
(d) error m x = error in y = Error in z 


Mark the wrong statement/statements. 

(a) for the quantities energy or kinetic energy of a 
body, the dimensions are the same 

(b) if the dimensions are the same, they denote the 
same physical quanity 

(c) the dimensions of two different quantity may be 
same 

(d) The dimensions of a physical quantity in two 
system of units must be same 


If the intial velocity is zero and the acceleration of a 
body is 3 ż, the distance travelled in 5 seconds is given 


by 
(a) 187.5m (b) 62.5m 
(c) 125m (d) none 


When a body is falling down freely from a height, the 

relation between distance and time is given by 

(a) straight line with increasing time 

(b) it has the shape of a circle 

(c) it is a parabola with decreasing curve and then 
remains constant 

(d) it is a parabola with increasing curve and then 
remains constant 


A projectile is fired with respect to horizontal ground 


at an angle of 45° with an initial velocity of 40 V2 m/s. 

Select the wrong statement. 

(a) the horizontal distance travelled by the projectile in 
ls is half of that travelled in 2s and the horizontal 
distance travelled in 6s is half of that travelled 12s. 

(b) the horizontal distance travelled in 6s is less than 
the distance travelled in 4s 

(c) the horizontal distance travelled in 8s = the 
horizontal distance travelled in 16s 

(d) none 


When a body is falling freely from a height, its 

maximum potential energy is equal to its maximum 

kinetic energy. When a satellite is turning round the 

earth in an orbit of radius r, the magnitude of 

(a) the potential energy of the satellite is equal to the 
kinetic energy of the satellite 

(b) the magnitude of potential energy is twice the 
kinetic energy 

(c) the kinetic energy is double the potential energy 

(d) The potential energy = binding energy 


10. 


11. 
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A man is travelling horizontally at 3 m/s towards east 
and the raindrops are falling vertically at 4 m/s. At what 
angle should he hold the umbrella? 


(a) at an angle @ to the vertical in the north-west 
ae . 3 
direction where 0 = sin"! — 
5 
(b) vertically 


3 
(c) at @=tan! cast of vertical 
4 
(d) at an angle 0 = sin" 5 to the vertical 


Vectors A and B are given by A = (21 ~ 3 j + 2k) 
and B = (4i —6.J +4k), the angle between A and 


B is given by 
(a) 90° (b) 45° 
(c) Q° (d) none 


When a particle of mass m is making a vertical rotation 
with an angular velocity œ, at the maximum height, if 
the tension is T, then 
(a) T= mg + mro? 
(c) T=0 


If two spherical shells A and B of masses 2 kg and 5 
kg and radii 0.1 m and 0.3 m, respectively, roll down 
the inclined plane starting from rest. 


(b) T= mg - mro? 
(d) T=mro*—mg 


(a) the heavier mass will roll down the inclined plane 
faster and has an acceleration g sin 

(b) the lighter one will roll faster with an acceleration 
g sin 

(c) both will reach the ground with the same velocity 
and their acceleration will be less than g sin@ 

(d) both will reach at the same time and their 
acceleration will be less than g sin@ 


Moment of inertia about EF, L= 


B D F 
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12. 


13. 


14. 


15. 


(a) I + Md; 

(b) I, 

(c) L=I1,+ Md; 

(d) =I + Md; +2Md.d, 


The work done by a body of mass m moving with 
uniform acceleration a towards the centre, in rotating 
through z degrees is 
(a) ma nr 
(c) ma. 2r 


(b) zero 
(d) none 


A block of mass m is projected up an inclined plane 
with a velocity v. If there is friction between the block 
and the inclined plane, the minimum velocity v so that 
block reaches the top is 


| 


ee i 
Os | 

(a) ./2gsin@h (b) 2u,ghcoté 
(c) J2u,ghcotO+2gh (d) 2gh—2u,ghcotd 


A and B are soap bubbles formed by filling air. If the 
radius of A is smaller than B, if these two bubbles are 
now connected to each other. 


4— air 


(a) air flows from B to A 

(b) air flows from A to B 

(c) there is steady condition. No air will flow fromv 
AtoBorBtoA 

(d) none 


The position of the hole for getting the maximum range 
of efflux 


> 
i 
i 


W@------------------ 


-—_— ee we ee Ml = = -— = - = = — ee ee ee et ee u a 


(a) should be little above the bottom 
(b) at H/2 
(c) at the top 


16. 


I 


18. 


19. 


20. 


M.49 | 


(d) the range attained will only depend on the total 
quantity of water in the tank and not the position 
of the hole. 


If a manometer is made of two narrow tubes A and B 
of radii r, and r, (r, > r,) and T is the surface tension 
of a liquid of density 10° kg/m*. The liquid level in 
A will be 


(b) lower than B 
(d) cannot say 


(a) equal to B 
(c) higher than B 


AD, BC are adiabatics. The ratio of volumes 


Vv, VY, Va V, 
a 2 b at 
@ yy D yy 
V V, 
(c) y < > (d) none 
d d 


The electric field due to a semicircular ring of charges 


. Therefore, the electric 


at the centre is E = 


4 TEN 
field at the centre of a circular ring is 
4A 2A 
b 
2 Ame yr ©) 47é\r 
(c) zero (d) none 


The magnetic field at the centre of a semicircular wire 


of radius ‘a’ carrying a current i is Fi! The magnetic 
4a 
field at the centre of the coil is 


(a) Hot (b) zero 
2a 

(c) me (d) none 
4n r’ 


Two metal spheres A and B of radius 5 cm and 20 cm 
are kept at a large distance and connected by a long 
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21. 


wire. If the charges on A and B are + 5uC and + 10uC 
resp., charge will flow 

(a) from Ato B 

(b) from BtoA 

(c) from higher electric field to lower electric field 
(d) charge will not transfer 


The total capacitance is 


2uF 
2uF 4uF 2uF 2uF 
| = T 
F 


22, 


2a 


24. 


2). 


2u 
(a) 4u F (b) 2u F 
(c) luk (d) 0.5u F 


All resistances have equal values, 1 Qeach. The current 
in the circuit is 


> 
Ww 


9V 


(b) 9A 
(d) 3A 


(a) 6A 
(c) 4A 


The difference between the electrical field lines due to 

a charge and those due to a magnet are 

(a) the magnetic field lines start from a north pole and 
end in south poles. The lines are closed 

(b) the magnetic field lines start from a south pole and 
end in north pole 

(c) magnets are always dipoles, electric charges can 
exist as isolated charges 

(d) electric dipoles exist but magnets are monopoles 


The ratio of the magnetic moment to the angular 
momentum of an electron orbiting in the hydrogen 
atom according to classical physics, is given by 


e e 
(a) P (b) Im 
(c) a (d) none 
mc 


Bohr’s assumption that the angular momentum of the 

electron in H atom is nh is similar to 

(a) quantisation of energy 

(b) quantisation of the de Broglie wave similar to 
waves on a sonometer wire or open tube 

(c) similar to waves in a closed tube 

(d) quantisation of compton wave length 


26. 


Zi; 


28. 


29, 


30. 
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Torque T= rx F, then which of the following is 
incorrect? 


(a) Tlr 
(c) ria, 


b) tla, 
(d) a, || F 


Two rods each of length / and mass m form L shape. 
The moment of inertia about an axis passing through 
the point of joining and perpendicular to the plane of 
L-section 


(a) 2mP (b) m 
2 1 
o o Z 


If the temperature of a semiconductor is increased from 
room temperature, then its resistance 

(a) increases 

(b) decreases 

(c) first decreases then increases 

(d) none 


The relation between A y À, and A, is 


(a) A,=2 4A, (b) 


(c) A=A,-A, (d) 


In the given circuit, which of the following statement 
is incorrect? 


(a) the phase difference between the currents in L, and 
R,, is 7/2 

(b) the phase difference between the potential 
difference across C and R, is 7/2 

(c) the phase difference between current through C 
and R, is 2/2 

(d) the phase shift between V, and R, is zero 


If two conductors of infinite length carry the same 
current in the direction shown. The magnetic field at P 
due to A and B is 
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32; 


33. 


34. 


35. 


36. 


37. 


38. 


7 
A 
P41 
B os 
(a) zero (b) #2 
2ar 
i i 
(c) eh (ay Mot 
Azar mr 


If the kinetic energy of photons produced from a metal 
by irradiating the metal with 4000 A° radiation was 
1.6 eV, the kinetic energy of photons produced by 
6000 A° will be 
(a) 2.4 eV 
(c) 1.0 eV 


(b) 1.6 eV 
(d) 0.6 eV 


The ground state energy of the electron in the hydrogen 
atom is —13.6 eV. The ionization energy of H atom is 
(a) -13.6eV 
(b) 13.6 eV 
(c) depends on the number of the orbits 

—13.6 eV 
(d) 


What is the maximum wavelength that can be detected 
by a semiconductor photo detector if the band gap of 
the semiconductor Eg = 0.75 eV? 

(a) 165.3 A° (b) 1653 A° 

(c) 16530 A° (d) 165.3 nm 


In an X-ray tube (cu — target), if the excitation energy 
of the K level is 9.5 Kev, is it possible to have Ka X-ray 
if Via SkV 

(a) Yes, À = 1.55 A® 

(b) No, A bremsstrahlung = 1.55 A° 

(c) both Ka and bremsstrahlung radiations are obtained 
(d) neither Ka nor bremsstrahlung radiation is obtained 


Which of the following substances has highest value 
of dielectric constant? 
(a) water 

(c) strontium titanate 


(b) glass 
(d) ebonite 


An electric dipole is placed in a homogeneous electric 
field with its dipole moment vector antiparallel to the 
electric field direction. 

(a) the dipole is in stable equilibrium 

(b) the dipole is in unstasble equilibrium 

(c) the dipole is not in equilibrium 

(d) the dipole is in neutral equilibrium 


Choose the correct statement. 

(a) electric lines of forces never make closed paths 
(b) electric lines of forces always make closed paths 
(c) electric lines of forces are always parallel 

(d) electric lines of forces may make closed path 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


Dielectric constant of a substance 

(a) increases with increase in temperature 

(b) decreases with increase in temperature 

(c) is not affected with change in temperature 

(d) may increase or decrease with increase in 
temperature 


Which of the following statements 1s correct (E is the 
electric field intensity)? 

(a) $E. dl is always zero 

(b) $E. dl is may be zero 

(c) $E. dl is always non-zero 

(d) $E. dl may not be zero 


A parallel plate air filled capacitor is charged with a 
supply of V volts. Supply is disconnected and then 
the separation between the plates is doubled. What is 
the ratio of electric field intensity between the plates 
initially and finally? 
(a) 1:1 

(c) 2:1 


(b) 1:2 
(d) 4:1 


A charged parallel plate capacitor has charge ‘q’ and 
electric field intensity ‘E£’ between the plates. The force 
of attraction between the plates 1s 

(a) zero (b) gE 


(c) =a (d) 2qE 


Choose the correct statement. 
(a) $E. ds is always zero 

(b) $B. ds is always zero 

(c) $B. ds may be zero 

(d) $E. ds is always non-zero 


Two conducting concentric spherical shells of radii 

a and b (a < b) are charged to potentials V and V, 

respectively. They are connected by a conducting wire. 

(a) the total charge of inner will flow to the outer shell 
for all values of V and V, 

(b the charge of inner shell will flow to the outer shell 
only when V > V, 

(c) the charge of inner shell will flow to the outer shell 
only when V is negative and V, is positive 

(d) the charge may flow from the outer to inner shell. 


Force on a charge in an electric field 
(a) is always conservative 

(b) is always non-conservative 

(c) may be conservative 

(d) is always zero 


A rocket 1s going vertically upwards with a net 
acceleration of 2g. A stone is dropped from the 
rocket. The acceleration of the stone just after it is 
dropped is 

(b) g downwards 

(d) zero 


(a) g upwards 
(c) 2g upwards 


A body of mass | kg 1s projected at an angle of 60° with 
the horizontal with a velocity of 100 ms~'. What is the 
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48. 


49. 


50. 


51. 


52. 


53. 


54. 


total change in momentum of the body after 2 seconds 
of its projection? 

(a) 20 Newton second 

(b) 10 Newton second 

(c) 70 Newton second 

(d) none is correct 


Choose the correct statement. 

(a) force acting on a body is always along its 
momentum 

(b) force acting on a body may be along its momentum. 

(c) force acting on a body is always perpendicular to 
its momentum 

(d) force acting on a body is always anti-parallel to its 
momentum 


Two bodies of masses | kg and 2 kg are placed at 
coordinates (0,0) and (4,3). Find the coordinates of its 
centre of mass. 
(a) (2, 3/2) 
(c) (4/3, 1) 


(b) (8/3, 2) 
(d) none is correct 


A body of mass ‘m’ is moved in a closed path. The net 
work done on a body 

(a) is always zero 

(b) is always non-zero 

(c) may be zero 

(d) is zero only if the force is perpendicular to motion. 


A body is subjected to a decreasing acceleration 

(a) velocity of body will remain constant 

(b) velocity of body will increase 

(c) velocity of body will decrease 

(d) the body will change its direction of motion after 
some time. 


A spring of force constant ‘K’ is cut into two parts whose 
lengths are in the ratio of 2:1. In what ratio the forces 
should be applied on them so as to compress them by 
the same displacement? 
(a) 1:2 


(c) 42-71 


The bob of a simple pendulum 1s hollow. When it is 
filled half with the liquid A its time period is T, and 
when it 1s completely filled with the liquid B period 
is T,. The densities of A and B are in the ratio of 2 :1. 
Then 

(a) TT, 
(c) T =T, 


(b) 2:1 
(d) 1:4 


(b) T,>T, 
(d) insufficient data 


A 20 uF capacitor is connected to a 6 volt battery 
through a key. On closing the key, the energy in the 
condenser is W, joules and the energy taken from the 
battery is W, joules. Then, 

(a) W,=720 x 10°; W,=0 

(b) W, = W, = 360 x 10° 

(c) W =360 x 10°; W, = 540 x 10° 

(d) W, =360 x 10°; W, = 720 x 10° 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 
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A proton and an a-particle both are accelerated under 
the same potential difference and then projected 
perpendicular to a magnetic field. What is the ratio of 
radu of their orbits in the magnetic field? 


(a) 1: y2 (b) 1:2 
(c) J2 :1 (d) 2:1 


A current carrying conductor has. 

(a) only electric field 

(b) only magnetic field 

(c) both electric and magnetic fields 
(d) neither electric nor magnetic field 


A soild cylindrical conductor has current J flowing 

through it, then 

(a) the magnetic field is maximum at its axis 

(b) the magnetic field is zero as its surface 

(c) the magnetic field is non-zero at all points lying 
between its axis and surface 

(d) the magnetic field is zero at points within the 
conductor 


A current carrying metallic conductor is heated 
(a) drift velocity of electrons increases 

(b) drift velocity of electrons decreases 

(c) speed of electrons decreases 

(c) relaxation time increases 


A heater filament is connected to a source of e.m_f. 
When the filament starts glowing, it is merged in a tank 
of ice. The power loss in the filament 

(a) is not affected (b) increases 

(c) decreases (d) becomes zero 


A simple pendulum of length / has a bob of mass m and 
charge q. It oscillates with a time period T. Now if a 
charge q is placed at the point of suspension, the time 
period of the pendulum 

(a) will become more than T 

(b) will become less than T 

(c) will not be affected 

(d) will become T 4/2 


The thermoelectric e.m.f. generated in a thermocouple 
is given by E = 500 T — T where T is in centigrade if 
the cold junction is at 50°C what is the temperature of 
inversion? 
(a) 400° C 
(b) 250° 


(b) 500° C 
(d) none is correct 


100 volts dc when applied across a resistance dissipates 
“P” watts. Calculate the peak value of that ac which 
dissipates half of this power when applied across the 
same resistance 
(a) 100 volt 


(c) —= volt 


(b) 50 volt 
(d) 100 V2 volt 


A charged particle is projected perpendicular to a time 
varying magnetic field. 
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(a) the energy of charged particle will change due to 
magnetic field 

the energy of charged particle will change due to 
electric field 

the particle will move in a circular path 


the energy of charged particle will not change 


(b) 


(c) 
(d) 


To a coil when 100 V DC is applied current is found 
to be 1 A. To the same coil when 200 V, 50 Hz AC is 
applied current is again found to be 1 A. What is the 
power factor of the coil? 


Answers 
1. (d) 2. (b) 3. (b) 4. 
8. (o) 9. (d) 10. (c,d) 11. 
15. (b) 16. (b) 17. (b) 18. 
22, (a) 23. (o) 24. (b) 25, 
29. (b) 30. (o) 31. (o) 32. 
36. (o) 37. (b) 38. (d) 39. 
43. (b) 44. (a) 45. (c) 46. 
50. (c) 51. (b) 52, (a) 53. 
57. (o) 58. (b) 59. (b) 60. 
64. (b) 65. (a,b) 
EXPLANATIONS 
1. (d) We write maximum possible error 
dx dy dz nda mdb pdc 
el = — — — — ee, ee, 
x y 4 a b Cc 


or 


(b) Torque and work have the same dimensions but they 
are two different physical quantities. 


dv 
(b) a= — or dv = adt 


dt 
a as 
= =o 
v= — ords=vdt 


5 
S= [5 ear SJ = > = 625m 
0 


The curve is a parabola with increasing distance. After 
reaching the ground it becomes stationary. 


65. 


M.53 
(a) 1 b = 
2 
(c) = (d) E 
a> J3 


If the rate of rotation of the coil in a generator is 
increased two times 

(a) Emf induced is doubled 

(b) frequency of induced emf is doubled 

(c) frequency doubles but emf will be half 

(d) none of the above 1s correct. 


5. (c) 6. (b) 7. (c) 
12. (b) 13. (c) 14. (b) 
19. (a) 20. (a) 21. (a) 
26. (c) 27. (c) 28. (b) 
33. (b) 34. (c) 35. (b) 
40. (d) 41. (a) 42. (c) 
47. (a) 48. (b) 49. (b) 
54. (d) 55. (a) 56. (b) 
61. (a) 62. (a) 63. (b) 


(b) In a bound system |PE| = 2 KE 
(c) V = Aj -3T 


3 3 
tan ĝ = z or 0 = tan"! ri east of vertical 


(c) Since B=2 A ~, Aand B are parallel 
Hence @ = 0° 
(d) T+ mg = mo?’ r 


T = mo’ r- mg 


mør 
gsinð | gsinð 
(c,d) a = T= 5 
] + ——— 1+— 
R? 3 
3 
= >gsin 
5° 


Since V= 2al ... velocity is independent of mass and 
radius 
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11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


(d) Z =n +M d? 
L=I „+M(d +d 
2 
IL =I +Md, +2Md d, 


(b) No work is done in uniform circular motion. 


(c) — = sin 8 
h 19. 
or/= — 
sin 0 


a = (g sin 0 + u, g cos 8) 


and v = y2al 
p= J2gh+2u,ghcot0 


21. 


22; 


ain, 


4T 
(b) AP = R Since R, < Rẹ P> P, 
and air flows from higher pressure to lower pressure: 


H 
(b) The range is maximum when h = —. 


2 
(b) A,r, = hr, 
Since ri >ly therefore h,> h, 


(b) TV’ = constant for adiabatic processes 


(c) The electric fields are in the same plane, in opposite 
direction. They cancel each other. 


20. 


24. 
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mi 
2a 


(a) B = 


The magnetic field is perpendicular to the plane 
containing the current element and radius. Therefore, 
they add up. 


(a) Charges flow from a higher to lower potential, 
therefore, charge flow A to B till their potentials become 
equal. 


(b) It is a Wheatstone bridge. 


(a) 


(b) The angular momentum of the electron L = mr’o 


The magnetic moment of the orbiting electron 


u =iA=ef. rr=e nr 2 
27 
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21: 


29. 


31. 


a2. 


34. 


35. 


37. 


(c) 
A 
l, m 
c am B 
ml’ 
l= 3 for one rod 
2ml’ 
D = 3 
h h 1 1 
og a or ee 
A 4 A A 4 A 
(c) B oei = B, + B; 
=0+ Pal [sin 90 + sin 0] = taa 
4ar 4ar 
A 
Oe a 00 
r B 
(d) .. K. E. of the photo electrons =2.1 — 1.5 =0.6 eV. 


; 1240 
Case (i) E(eV) = 400 > 3.1 eV 


KE „= 1.6 =3.1- ġor ġ = 1.5 eV 


case (ii) E = — = 2.66 eV KE = 2.06 — 1.5 = 0.56 eV 


(c)A= A = 16530 A”. 

0.75 
(b) One cannot get K X-rays if the applied voltage is 
less than the excitation energy of the level 1.e. 9.5 kev. 
However, even at lower applied potentials, one can 
get some other series and a continuous spectrum or 
bremsstrahlung X-rays. The short wavelength limit is 


given by 

he  12400eVA | mae 

v 8000 ` 

(b) 
— r E 

+q -q 
—eo < © > 
P 


38. 


40. 


41. 


43. 


45. 


47. 


48. 


49. 


50. 


51. 
52. 


59: 


54. 


55. 


M55 | 


If it 1s rotated a little from the equilibrium position, the 
dipole will not regain its position. 


(d) Electric lines of forces due to a charge do not make 
closed paths whereas the electric lines of forces created 
due to changing magnetic field make closed paths. 

(d) $E. dl = 0 for purely electrostatic 


dÉ, 


field $E. dl = for the electric fields created due 


to changing magnetic field. 


(a) Since supply has been disconnected charge and 
hence charge density on the plates is constant. 


E 
(b) $B. ds = 0 because magnetic monopole does not 
exist. 


(c) Force on a charge.in the electric field of a charge is 
conservative whereas force on a charge in the electric 
field created due to changing magnetic field 1s non- 
conservative. 


(a) Ap = F At 
=mg x At=1x 10x2=20NS. 


(b) Force on a body is along the direction of change in 
momentum. 


— MX, +mM,x, 1x0x+2x4 8 
m, +m, 3 3 
— 6 
similarly, y = a = 3 =? 


(c) $dw = 0 if force is conservative 
fdw #0 if force is non-conservative 
(b) Velocity of body will increase at decreasing rate. 


(a) The spring constants of the parts will be in the ratio 
of 1:2. 


(a) In the first case the centre of mass will be below the 
centre of sphere and hence the effective length 1s more 
than when it 1s completely filled. 


(d) Energy stored in capacitor is 


l 
E= 5 CV’ Work done by the battery is twice the energy 


stored by the capacitor. 


my 
(a) R= — also q. V= — mv’ 
Bq 


J2qVm 


oR | 
Bq q 


No |e 


mv =2 qVmor R= 


or — 


~ 
N [Re Ie 
n 
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56. 


58. 


59. 


60. 


61. 


So 


(b) The net charge of a current carrying conductor is 
zero so the electric field is also zero. 


(b) Due to increase in temperature the speed of electrons 
increases so relaxation time decreases. 


as v, œ T, therefore v, decreases 


(b) Due to decrease in temperature, resistance will 


decrease. 
2 
pa 
R 


(c) Placing charge “q” at the the point of suspension 
will only increase the tension in the string. 


dE 
(a) aT ~ 500 — 2T = 0 at Neutral Temperature 
T = 250°C 


So 


62. 


63. 


64. 


Model Test Papers | 


T-T =T -T 


n c 


T,= 450 - 50 = 400°C 


Vv, ) 1 _ 1 [doo], _ 
(a) (| | |v, 100 volt 


(b) Changing magnetic field produces electric field. 


(b) R= — =100 92 
200 
|z| = Eg = 200 Q 
R 1 
Power factor cos = = = = 
Z 2 
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PA PER 7 


The percentage error in measurement of mass and speed 
are 2% and 3% respectively. The maximum error in the 
estimation of kinetic energy obtained by measuring 
mass and speed is. 
(a) 11% 

(c) 5% 


(c) 8% 
(d) 1% 


With what speed must a ball be thrown down for it to 
bounce 10 m higher than its original level? Neglect any 
loss of energy 1n striking the ground 

(a) data is incomplete (b) 14 ms” 

(c) 20 ms?! (d) 5 ms“ 


Three vectors A,B,C satisfy the relation A.B =0 
and A.B =0. The vector A is parallel to: 

(a) Bo () C | 

(c) B.C (d) BxC 

Two skaters A and B of masses 40 and 60 kg respectively 
stand facing each other 5 m apart. They then pull on a 
light rope stretched between them. How far each has 
moved when they meet? 

(a) both move 2.5 m 

(b) A moves 2 m and B moves 3 m 

(c) A moves 3 m and B moves 2 m 

(d) A moves 1.5 m and B moves 3.5 m 


A lift is moving downward with an acceleration = g. A 
body of mass M kept on the floor is pulled horizontally. 
If the coefficient of friction is u then the frictional 
resistance offered by the body is 

(a) Mg (b) Mg 

(c) 2uMg (d)=0 


The free end of a thread wound on a bobbin of inner 
radius r and outer radius R ispassed round a nail A. The 
thread is pulled at a constant speed v. The velocity of 
centre of bobbin at the instant when the thread forms 
angle a with vertical. (Assume that the bobbin rolls 
over the horizontal surface without slipping) is. 


A VO 


V 


(a) vR (b) vR/R sina 
(©) vRIR sin a-r (a) — — 
Rsin & -r 


The slope of kinetic energy versus displacement curve 
of a particle in motion is 

(a) equal to the acceleration of the particle 

(b) inversely proportional to acceleration 


10. 


11. 


12; 


13. 


14. 


(c) directly proportional to a acceleration 
(d) none of these 


ifr = (2+3)) mand P = (31-5) kg ms” then value 
of angular momentum is 
(a) 11k 


(c) -11j 


If the radius of the earth were to shrink 1% its mass 
remaining same, the acceleration due to gravity on 
earth’s surface would 
(a) decrease by 2% 
(c) increase by 1% 


(b) lj 
(d) -11k 


(b) decrease by 1% 
(d) increase by 2% 


Kepler’s second law states that the straight line joining 
the planet to the sun sweeps out equal areas in equal 
times. The statement 1s equivalent to saying that 

(a) total acceleration is zero 

(b) transverse acceleration is 0 

(c) tangential acceleration 1s 0 

(d) radial acceleration is 0 


Thermodynamic variables are 

(a) mass and temperature of system 
(b) P, V,T 

(c) P, V, T and S (entropy) 

(d) U, F, G, H 


Water can be made to boil at 0°C. If the pressure of 
surrounding is 

(a) 760 mm of Hg 
(c) 40 mm of Hg 


(b) 76 mm of Hg 
(d) 4mm of Hg 


The ratio of densities of the bodies is 3 : 4 and specific 
heat in ratio 4 : 3. The ratio of their thermal capacity 
for unit volume is 
(a) 9:16 

(c) 2:1 


(b) 16:9 
(d) 1:1 
Four curves A, B, C and D are meant for a given 


amount of gas. The curve which represents adiabatic 
changes are 


4° 


~ 


V 
(a) A and B (b) Cand D 
(c) Aand C (d) B and D 


| M.58 


15. 


16. 


17. 


18. 


19, 


20. 


2l, 


22, 


23. 


24. 


2). 


A carnot’s engine takes 300 calories of heat at 500 K 
and rejects 150 cal to sink. The temperature of sink is 
(a) 1000 K (b) 750 K 
(c) 250 K (d) 125 K 


If Eis the total energy emitted by a body at a temperature 
T K and E (max) is the maximum energy emitted by it 
at the same temperature then: 

(a) ExTE „<T (b) E æ T'E „œ T* 

(c) ExT*E „œT (d) ExT*E „œT 


Two forks of frequencies 250 Hz and 256 Hz produce 
beats. If a maxima is produced just now after how much 
time the minima is produced at the same place 

(a) 1/8 sec (b) 1/24 sec 

(c) 1/6 sec (d) 1/12 sec 


Two waves of intensities J and 4 J produce interference. 
The intensity of constructive interference in 

(a) SJ (b) 7I 

(c) 9I (d) I 


For 1°F rise in temperature the velocity of sound in air 
increases by nearly 
(a) 0.61 ms"! 
(c) 1.19 ms"! 


(b) 0.34 ms"! 
(d) (0.61)? ms"! 


A wire under tension vibrates with frequency of 450 per 
sec. What would be the fundamental frequency if the 
wire were half as long, twice as thick under one fourth 
tension? 

(a) 225 Hz 
(c) 247 Hz 


(b) 190 Hz 
(d) 174 Hz 


Doppler shift in frequency doesn’t depend on 
(a) frequency of wave 

(b) velocity of source 

(c) velocity of observer 

(d) distance from the source to listner 


Two charges are 40 uC and —20 uC are some distance 
apart. Now they are touched and kept at the same distance. 
The ratio of initial to final force between them 1s 

(a) 8:1 (b) 4:1 

(c) 1:8 (d) 1:4 


A cyclinder of radius R and length L is placed in a 
uniform electric field E acting parallel to the axis of the 
cylinder. The total flux from the surface of cylinder 1s 
(a) 227R°E (b) z RIE 

(c) (22 R?+2 RL) (d) 0 


With a rise in temperature, the dielectric constant K of 
a liquid 

(a) increases 

(c) remains unchanged 


(b) decreases 
(d) change irractically 


Can a sphere of radius 1 m have a charge of 1C? 
(a) yes 

(b) no 

(c) depend on metal 

(d) depend on nature of charge 


26. 


2l. 


28. 


29. 


30. 
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Three uncharged capacitors C,, C, and C, are connected 
as shown in the figure. The potential of A, B and D are 
$» 9.» $, Find the potential at the junction O. 


A 


| 


C 


1 


. A 
(a) $,+9,+9, 


(b) (dc, +$,c,+ ¢,c)Mc, +c, +e) 

(c) (9, Q) + (9, = ?,) + (9, — ?,) 

(d) (Q, — Q) (9, p h) (@, 7 Q) 

The P.D. between Aand B is 23 volts. The P.D. across 
3 uF capacitor is 


AHH HHH 


(a) 7 
(> 23 


(b) 8 
(d) 4 


The current J and voltage V graphs for a given metallic 
wire at two different temperatures T, and T, are shown 
in Figure. It concludes 


I 1 


V 
(a) T >T, (b) T =T, 
(c) T <T, (d) T,=2T, 


In the network shown in the figure the effective 
resistance between A and B is... if each resistance is 
lohm. 


A B 
(a) 4/3 (b) 3/2 
(c) 7 (d) 8/7 


Masses of three wires of same metals are in the ratio 
| :2: 3 and their length are in ratio of 3 : 2 : 1. Electrical 
resistance of these wires will be in ratio: 

(a) 1: 1:1 (b) 1:2:3 

(c) 9:4: 1 (d) 27:6:1 
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31. 


32. 


33. 


34. 


35. 


36. 


A battery of internal resistance r supplies maximum 
power to a load of resistance R if 

(a) R=r (b) R=rf2 

(c) R=3r (d) R=2r 


Neutral temperature of a thermocouple 1s 

(a) constant 

(b) decreases with decrease in temperature of cold 
junction 

(c) increases with decrease in temperature of cold 
junction 

(d) increases with increase in temperature of cold 
junction 


In a copper voltameter experiment current is decreased 
to one-fourth of initial value The time duration for 
which current is passed is doubled. Amount of copper 
deposited will be 

(a) same as before 

(b) half of previous value 

(c) 4 times of previous value 

(d) one-sixth of previous value 


Which of the following graphs shows the variation of 
magnetic induction B with distance r for a long current 
carrying wire? 


B 
(3) 
(1) 
(4) 
(2) 
(a) 1l (b) 2 
(c) 3 (d) 4 


A proton, a deutron and an a-particle with same kinetic 
energy enter a region of magnetic field to perpendicular 
magnetic field. The ratio of radius of their circular path is 


(a) 1: ¥2:1 (by 12 42s ad 
(c) J2:1:1 (dy: 40 2a)? =] 


Magnetic induction at O will be 


O 
Ml Mi Ui 
(a) : (6) 
2(7, +r) rr 2n 
c) Hai Mi a) Hal Hal 
4r ár, 4r 4r, 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


M59 | 


In a wire of irregular cross-section a steady current 
flows. EJ, Jy Js Hp Hp H, are respectively current 
density and drift velocity at point A, B and C then 


(a) J =J,=J, 
(b) u,= m= h, 


(ce) J >J,>J, 
(d) u,> > H, 


A coil of resistance R and inductance L is connected to 
a battery of emf E volt. The final current in coil is 
(a) EIR (b) EIL 


(c) VEIR +E (d) JEL/R? +L 


A coil and a bulb are connected in series with 12 volt dc. 
source. On insertinga soft iron core in coil the intensity 
will 

(a) remain the same 

(b) increase 

(c) decrease 

(d). will change in a periodic manner 


What is changed during reflection of electromagnetic 
wave? 

(a) frequency 

(b) wavelength 

(c) speed 

(d) amplitude 


Graph for energy and wavelength of photon is 
(a) straight line (b) hyperbola 
(c) parabola (d) ellipse 


The focal length of a concave mirror is fand the distance 
from object to principal focus is x. Then magnification 
is 


(a) ft+x/f (b) fx 
(c) fix (d) fPlx? 


Which of the following graph correctly represents 
magnification versus distance of object for a concave 


mirror? 
M 

(a) EAT 
Mt 

(b) , u 


44. 


45. 


46. 


(c) ' 


(d) | : 
f 


If there were no atmosphere, the length of day would 
(a) decrease (b) increase 
(c) remain same (d) depend on weather 


The Cauchy relation is 
(a) uw=BtAd 
(c) U=AB/A 


(b) p=A+B/22 
(d) p=A2A+B 


The angle of a prism is A. If the angle of minimum 
deviation is (180 - 2 A) then retractive index of material 
of prism is 


Answers 
1. (b) 2. (b) 3. (d) 4. 
8. (d) 9. (d) 10. (b) 11. 
15. (a) 16. (a) 17. (d) 18. 
22. (a) 23. (d) 24. (b) 25. 
29. (d) 30. (d) 31. (a) 32. 
36. (c) 37. (c) 38. (a) 39. 
43. (b) 44. (a) 45. ` 4b) 46. 
50. (c) 
EXPLANA TIONS 
L (by SKE Am , 2d 
KE m v 
= 2 + 2(3) = 8% 
2. (b) If there is no energy loss, after rebound when it 


gains its level ıt will have the same speed in upward 
direction to attain a height 10 m 


v= /2gh = /2x10x9.8 
= 196 = 14 ms”! 


(d) From given data it is clear that A -L C and also 
A L B. Thus, it has same direction as B x C. 


47. 


48. 


49. 


50. 


4. 


5. 


40 Kg 


*= 40+60 
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(b) cos A/2 
(d) cot A/2 


(a) sin A/2 
(c) tan A/2 


When the object is at distance u, and u, a real and a 
virtual image are formed respectively and are of same 
size. The focal length of lens 1s 


(a) (u, +u, )/2 (b) 


(c) Juu, (d) Catu) 


If a bulb of 100 watt is taken away from photo cell, 
then photo-current J and distance between source and 
cell (d) are related as 
(a) Tod 

(c) Iol/d 


uju,/2 


(b) lad 
(d) Loc 1a 


For transistor 
(a) L> L 
(c) L=I, 


(b) I. <I, 
(d) none 


The atomic packing factor for bec cell is 
(a) 2 (b) 24 


(d) v2 


— 2 


(c) v3% 
8 


7 


N rem eee eee eee eee eee” 
N 

( N 

LO ON 

O>oadun ado 

N eee eee eee eee eee” 
N 

Nee Ss 

LO e T T T, g, 


(c) As there is no external force skaters will meet at 
their COM. Thus problem reduces to determination of 
COM. of from each 


60 Kg 


60x5 D 
= 3 and similarly y = 2 


(d) As in this case normal reactional force 1s 0. Thus 
frictional resistance = u N= 0. 
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(c) V, = 


6. 


or 


15. 


17. 


18. 


19. 


Viant V 


/cm cm 


or A 


“TD 


(a) (b) 
The resultant velocity at A (refer to figure (a)) and 
geometry ar — ØR sina = V 
V 
0s —— 
r—Rsing 
vR 
m è r—Rsing 


y-y-— Œ 
A~ o Rsing-r 


(c) KE = 1/2 my? 

d(KE) dv 

—— =mv — = ma 
dx dx 


Slope of KE versus x curve is proportional to 
acceleration 


(d) rx p =(2i+3j7)x(3i-j) =—11k 


_ GM 
-2 
dglg = (-2) dRIR = (-2) (-1) = 2% 


(d g 


(d) Ratio of thermal capacity 


Ly PL 24/3 x 3/4 = 1:1 
S2 P 
(a) For carnot cycle O/T, = QT, 

L 
T, = Q, i 

Q, 
150x500 pani 
~ 300 =~ 


(d) Frequency of beat in 2 (n, —n,)=2 x 6= 12 


l . 1 
time of another maxima = 12 sec 
(c)l=1+1L4+2 JUL, 

=I (14+4+2Vix4) =1+4+4=91 


9 
W) IF = = °C 


Velocity due to 1°C rise 
= 9/5 x 61 = 0.34 ms" 


20. 


or 


D2: 


29: 


26. 


or 


27. 


29. 


30. 


f,_ h [A 
h hL NDA 
f 2 ilxl 


or f= 225 Hz 


= or 
450 1V4x4 


(a) Out of 40 uC 20 uC will neutralize —20 uC charge. 
The new charge on two will be 10 uC each. 


(2x4) E g 


F = CKA Z _ 
Fy (qah) 1x1 | 


(b) NO. Because electric breakdown occurs. The air 
has delectric breakdown value 3 x 10° V/m. 


(b) Net charge at junction should be O. 
(¢,-9,) C, + ($, — 9,) C, + (9, - $) C,=0 


_ OC, +9,C, + OC, 
9 C, +R F, 


q fEl) = 26 
23 4 


a (státa) -26 


12 
26x12 
= =24 uC 
q 3 H 
24 
Pot. drop across 3/4F cap. ¢ = s = 8uC 
(d) The reduced circuit is 
2o 
3 
1Q 19 
A 4Q 19 B 
8 2 g 
R=> -2Q 
4 8/342 7 
l L ol l 
d)R=p—R,:R,:R,=—: 27: 4 


=27:6:1 


39. 


2 
(a) aa = qvB 
en p 
j mv‘ = > qv B.r 
l l 
— my’ = —qB vr 
2 2 
for Const. KE. vr = const. sli) 
KE.2 K 
Also, V — Sy == (ii) 
n m 


from (i) and (11) 


r 
— is const 
Vm 


(c) A L'= u Lwill increase and hence |z| =, IR + (L'o) 


will increase, I will decrease. 


42 


46. 


47. 


48. 
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(b) u= (f+ x) 
l 1 1 l l 
v fu fix f 
x 
fG +x) 
m= vlu = flx 
(d) For minimum angle of deviation 


, (2e) , (AA) 
sın >; sın ~; 


H= sin A/2 


sin — 
2 


: u, +U, 
(a) From Newton’s law f= a 
(d) As bulb is taken away thus intensity of light falling 
over it will be inversely porportional to the square of 


distance from point, thus the result. 
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MODEL TEST 
PA PER 8 


The time period of oscillation for a circular disc if it 
is made to oscillate about a horizontal axis passing 
through its rim is 


R 2R 
(a) T=227 ,J— (b) T=2m | — 
& & 
3R 3R 
(e) F=27 .)— (d) T=22 ,/— 
g 2g 


A compound pendulum is suspended from ite C.G. then 
its time period of oscillation is where K is radius 


of gyration 
| K 
(a) T=2n A (b) T=22x E 
8 8 
(c) zero (d) infinity 


Two uniform discs roll down two inclined planes 
of length / and 2 / as shown in the figure from the 
same height h. The speed at the points A and B are 
related as 


(b) V,=2V, 


3 
(d V,= 7 V 


The moments of inertia of a spherical shell and a solid 
sphere of same mass about their diameters are same. 
The ratio of their radius is 

(a) 3:2 

(b) 3:5 


(c) V3: V5 
(d) V3: 2 


Select the correct curve between log L and log p where L 
and p denote angular momentum and linear momentum 
respectively 


log L 


(a) log p 


6. 


log L 

(b) a p 
log L 
log L 


A SO 


A force varies with time as shown in the figure. The 
average force will be 


F 
F, 
t 
(a) F (b) 2 
a) F, D 
(c) = (d) zero 


Two forces (—2i + 3j + k) and (i + 2j — 4k) are acting at 
a common point. The angle between the forces is 

(a) 90° (b) 60° 

(c) 30° (d) none 


A particle moves along a curve then 

(a) velocity of the particle varies but acceleration 
remains constant in magnitude 

(b) velocity of the particle 1s constant but acceleration 
varies 

(c) velocity and acceleration both remain constant in 
magnitude 

(d) velocity and acceleration both vary 
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9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


If u represents potential energy then the condition 
d’u 
dx’ 
(a) unstable equilibrium (b) stable equilibrium 
(c) neutral equilibrium (d) none of these 


= () represents 


The correct relation between kinetic energy K and 
angular momentum L of a particle in Rutherford 
scattering problem is 


L LV 

(a) K= a (b) FE 
p? 

(c) 3 (d) none 
2mr 


Coefficient of rolling friction has dimensions 
(a) [M°L°T] (b) [M°LT] 
(c) [MLT] (d) none 


If an ac voltage is given by V = at, 0 < t < T where a is 
a known finite constant, then rms value will be 


a aT 
Basai b) “= 
a V2 a J2 
cee (d) none 


(c) B 


If in the figure 4 m = 5 kg and M = 11 kg. Pulley and 
string are massless. The coefficient of friction between 
all surfaces in contact is 0.4. Then force required to 
move M with constant velocity is 


mE 
[uw Els 


(b) 20N 
(d) none 


(a) SN 
(c) 45N 


Recoil velocity of anucleus after it has emitted a photon 


is 
h 
(a) — 
A 
hy 
©) a 
where h is Planck’s constant; 2 wavelength; v frequency 


and M mass of the nucleus. 


h 
(b) ag 


(d) none 


A radioactive nucleus SU decays to **Th by 
means of a@-emission. If the velocity of a-particle is 
1.4 x 10’m/s and its KE 4.1 Me V then KE of remaining 
nucleus is 

(a) 0.07 Me V 
(c) 0.27 Me V 


(b) 0.17 Me V 
(d) none 


A block of mass m is moving on a frictionless track as 
shown in Figure with a constant velocity V. If k is the 
spring constant then maximum compression will be 


17. 


18. 


19. 


20. 


21. 


Ze. 


23. 
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k 


MV mV 


(a) ya (b) 


[mv v? 
(c) a (d) mi 


A particle moves in a potential region U = R (x7 + y? 
+ z°). The force acting on the particle is 


(a) R(xityj +zk) 
(b) -—R(xityj +zk) 
(c) -2R (xi t+yj+zb) 
(d) = (sity) t2k) 


A three-phase transformer gives an output 440 V when 
measured by an ac voltmeter. This voltage is 

(a) average value (b) peak value 

(c) peak to peak value (d) rms value 


Find the peak to peak voltage if an ac ammeter reads 
12A 

(a) 1.7A 
(c) 2.4A 


(b) 3.4A 
(d) none 


A particle of mass m slips from point A in Figure. Find 
the force it exerts on track at Q. 


A 


| 


or 


| No 


(b) 3 mg 
(d) none 


(a) 8 mg 
(c) 5mg 


A satellite will have circular orbit if eccentricity e __ 
and total energy (KE + PE) is... 

(a) e< l, zero (b) e> l, positive 

(c) e= 0, zero (d) e= 0, negative 


The parking orbit of a communication satellite is ... 
high from the surface of the earth. 

(a) 3600 km (b) 36000 km 

(c) 42000 km (d) 28000 km 


What should be the velocity given to a particle if it has 
to reach a height equal to radius of the earth? 

(a) 6km/s (b) 7 km/s 

(c) 8km/s (d) none 
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24. 


25. 


26. 


21: 


28. 


29. 


30. 


31. 


The ratio of wavelengths corresponding to maximum 
intensity of emission of radiation of two bodies is 


1 : 195. The ratio of their temperatures is: 32 
(a) 1: 195 (b) 1: (195) | 
(c) 195: 1 (d) (195} : 1 

Newton’s law of cooling is applicable to 33, 


(a) induced convectional losses 
(b) natural convectional losses 
(c) covectional losses 

(d) in all (a), (b) or (c) 


A black body emits radiations at the rate 5.67 watt/cm?. 
Its temp is 
(a) 104K 
(c) 10° K 


(b) 103K 
(d) 10K 


40% of the radiations incident on a body are absorbed 
and 30% are transmitted then its coefficient of reflection 
iS 

(a) 0.2 
(c) 0.4 


(b) 0.3 
(d) 0.7 


A cup of tea cools from 80°C in 2 minutes when the 
temperature of the surrounding 1s 30°C. Time taken to 
cool from 60°C to 50°C is 
(a) 1min 12s 
(c) 1min 36s 


(b) 1 min 24s 
(d) Imin 48 s 


A pendulum is hung from the ceiling of a car 
accelerating at a rate ‘a’ in horizontal direction, then 
time period of oscillation is given by 


(b) 27 
8 —a 


i (d) 2m í 


(a) 27 


gta 


Vg ta Vg +a’ 


A small ball of radius r rolls down a hemispherical 


(c) 27 


bowl of radius R as shown.in Figure, then time period 34. 


of oscillation of the ball is 


35. 
R 
36. 
R+r\5 
(a) T=2n 8 (bì) T=2x í -j 
g g ji 
R-r)7 7 
© T=22.| : Di aTe = 37. 
g g 


9 tuning forks are arranged in series in increasing order 
of frequency. When they are struck, at a time 6 beats 


are produced. If the last tuning fork has a frequency 38. 


3 times the frequency of the first then find the frequency 
of first. 


M.65 
(a) 24 Hz (b) 68 Hz 
(c) 121 Hz (d) 177 Hz 
Decibel is unit of 
(a) loudness (b) pitch 
(c) quality (d) sound 


Which of the following curves best represents the 
relation between velocity of sound and pressure? 


~ 
on 
ae 
< 
pe) 


(d) 


T. 
` 


p 


Pitch of which sound will be maximum 
(a) music (b) noise 
(c) harsh sound (d) sharp sound 


7th overtone is equal to .... harmonic of a sound wave. 
(a) 7th (b) 8th 
(c) 6th (d) none 


A tuning fork 1s vibrating with second overtone. If its 
fundamental frequency is 256 Hz, find the number of 
nodes in the tuning fork. 
(a) 2 
(c) 6 


(b) 4 
(d) 5 


The velocity of sound in air is 340 m/s. The fundamental 
frequency of an open pipe of length 50 cm will be 

(a) 50 s! (b) 130 s7! 

(c) 340 s“! (d) 680 s! 


Transverse waves can be produced in a medium having 
(a) bulk modulus only (b) Young’s modulus 
(c) modulus of rigidity (d) all of the above 


40. 
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39; 


Two tuning forks vibrating at 512 Hz and 516 Hz 
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rr. 
respectively. The time interval between two consecutive (a) 4meE, = 7 (b) 476,¢ r, 

beats is a E 

(a) 25 ms (b) 0.25 s (c) 4ne,€ (r +r) (d) 4re, een] 
(c) 0.5s (d) none DA 


Which of the following represents a stationary 
wave? 
(a) y=2y sinkxcos øt (b) y= y cos øt 


(c) y=y sink(x-vt) (d) y=y sin = (vt —x) 


If n steps of capacitors each of capacity C as shown 
in Figure 0 are arranged, then equivalent capacity is 
given by 


oi ioe 


41. Velocity of sound in water is 1346 m/s and density of 
water is 1 g/cc then bulk modulus of water is (a) WC (b) (2 +n) C 
(a) 1.8 x 10° Pa (b) 1.8 x 108 Pa C C 
(c) 1.8 x 10° Pa (d) 1.8 x 10° Pa o — (@) (P-n) = 


42. The velocity of a plane is 2.3 Mach then it is flying with 
(a) infrasonic speed (b) sonic speed 
(c) supersonic speed (d) ultrasonic speed 


47. Four capacitors of equal capacity are connected as 


shown in Figure 1 If-C DA uF, then each capacitor is 
43. Equations of waves produced by two sound sources 


P 
are y = 4 sin 400 ~ t, y,= 3 sin 404 ~ t then a person LCA — 


_ {I 
hears... beat/s and .... intensity ratio (fa DO 


E (a) | uF 
(c) 3 uF 


(b) 2 uF 
(a) 4,7:1 (d) 4 uF 


(c) 4,49:1 


(b) 2,7:1 


(d) 2,49: 1 . 
48. 27 small drops coalesce to form a big drop. If each small 


drop has a potential V, then potential of big drop is 
(a) 3V (b) 9V 
(c) 27V (d) none 


44. Two capacitors of capacity 4 uF and 5 uF have 
chargesl10u C and 20 uC respectively. What will 
be the charge on each after they are combined 
together? 


O CA 20 70 49. 


A wire of 3Q is bent into an equilateral A. Find the 
O) = uC, HC i 


resistance across one of the sides. 


2 
G Sue Ve (d)_ 15 uC, Puc aoe (b) 22 
3 3 3 2 
45. The inner sphere of a spherical capacitor is earthed as (c) 102 (d) none 


shown in Figure, then capacity of such a capacitor is 50. The g difference across x — y in Figure 
TẸ 
a E-E)G | E-E)C, 
a a C+C, 
(c) zero (d) none 
Answers 
1. (d) 2. (d) 3. (a) 4. (c) 5. (a) 6. (d) 7. (a 
8. (d) 9. (o) 10. (c) 11. (b) 12. (c) 13. (d) 14. (b) 
15. (a) 16. (0) 17. (c) 18. (d) 19. (b) 20. (a) 21. (d) 
22. (b) 23. (c) 24. (o) 25. (a) 26. (b) 27. (b) 28. (o) 
29. (d) 30. (o) 31. (a) 32. (a) 33. (o) 34. (d) 35. (b) 
36. (o) 37. (c) 38. (b,c) 39. (b) 40. (a) 41. (a) 42. (o) 
43. (d) 44. (o 45. (d) 46. (o) 47. (d) 48. (b) 49. (a) 
(a) 


w 
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1. (d)T=2n 


=2n 


| I 
2. (d)T=22 nel . Since if point of suspension is centre 
of gravity then /=0, hence T 4a 


3. (a) According to law of conservation of energy 


1 5 l P 
Mgh = 5 MV, = z MY, 
Vi, E V; 
2 , 2 
4. (c) L, shell — L, solid sphere eT 3 MR non = 2/5 MR Sere 
> Ronen = 3 
R 5 


sphere 


5. (a)L= Pr taking log L= log p + log r. Compare it with y 
= mx +c. Itis a straight line not passing through origin. 


7. (a) Because dot product becomes zero. 


10. (c) L= mvr 
L 2 
or ae = a” 
mr 2 2mr 
1 aib 
12. () V2 => I) V d=- and 
T 3 
_at 
ms B 
13. (d) T= umg .. (1) 
umg . 
umg 
F T 
(m +M )g 
F=umg+T+u(m+M)g s (2) 


= 3 umg + u Mg [from (1) and (2)] 
=3x0.4x5x10+0.4x11 x10 


=60+44=104N 
C E E E E AE 
(9 scol M cM cM AM 


15. 


16. 


19. 


20. 


23 


24 


26. 


OT 


2i: 


or 


or 


28. 


29, 


2 


mv 
Mv’= 8 mgr, F = = 8 mg 


(co) V= JRe = 8 km/s 
A, 


T. 
(c) use A, T = constant, then — = F 
i 


(b) E=o0T4,T*= 


m 5.67x10* -102 
5.67x10% 
T=10°K 
(b) l=at+tt+r 
1=0.44+0.3+,r 
r=0.3 
80-60 
EN r24 30] 
(c) a _ E a] 


t= 1.6 min or 1 min 36 s 


(d) -~ g and a are perpendicular to each other. Therefore, 


net acceleration is a° +g° . 


31. 


J3: 
36. 


37. 


39. 


41. 


or 


43. 


or 


or 


44. 


I 
(c) T= 2r,- — 
mgl 
-2z 1(R-r) 
> 8g 
N-1 
(a) n, = a 2 aoe 
(r-1) 2 


where N = number of tuning forks arranged in series 
b = number of beats 


r= multiple of first tuning fork frequency the last 
one is 


(c) As velocity of sound does not depend upon pressure. 


(c) No. of nodes = 2n where n is number of harmonic. 


V v 340 
c)f= — = — = — = 340 s”! 
of A al 1 
(b) No. of beats/s = 4 time between two consecutive 


beats = 2 = 0.25s 
4 


p 


K = Vp = 1346? x 1000 

(+: p= lg/cc = 10° kg/m°) = 1.8 x 10° Pa 
(d) 2x f, = 400 x 

f, = 200 Hz 

2 mf, = 404 x 

f,= 202 Hz 


no of beats = 257! 
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Q =CV=4x —=— uC 
3 
Q, =C,V 
ssx = uc 


46. (c) Capacitors are in a AP 


P 2C Oo 30 nC 
E n(n +1) 
eq -7 2 


C 
47. (d) Since ape l uF 


C 
(in series C = =) 
eq n 
C=4 uF 
48. (b) V (a) V aan 
= (27 V=9V 


49. (a) © 2 Qand 1 Q appear to be in parallel as shown 


50. (a) Since E, and E, are in negative series 
the equivalent value of emf is E- E, 


- (E, - E,)C, 
i C, +C, 
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10. 


MODEL TEST 
PAPER 9 


A Boson is a particle having 


l 
(a) zero spin (b) spin = sry 


(c) any of (a) or (b) (d) none of these 


A fermion 1s a particle 

(a) which follows Maxwell’s statistics 

(b) which follows Pauli’s exclusion principle 
(c) having integral spin 

(d) none of these 


Which of the following is not a boson? 
(a) proton (b) cooper-pair 
(c) photon (d) phonon 


If F and F are electrostatic and nuclear forces acting 
at a distance 100 cm between two protons then 

(a) F< F 

(b) F =F, 

(c) F >F, 

(d) F,may be nearly equal to F, 


AC current is 
(a) a scalar 
(c) a phasor 


(b) a [vector 
(d) none of these 


What is output voltage V in Figure. 


10v 100 20 
turns turns V, 
(a) 2 volts (b) 5 volts 


(c) 10 volts (d) zero 


The power of an ac motor is expressed in 


(a) watts (b) volt ampere 
(c) any of (a) or (b) (d) none of these 


Epochis__ 

(a) phase difference 

(b) frequency deviation 

(c) initial phase angle of a phasor or of a wave 
(d) phase modulation 


SHM is motion. 
(a) isochronous 
(c) isoamplitude 


(b) isotropic 
(d) none of these 


A fly wheel will possess 
(a) larger angular acceleration 
(b) larger angular velocity 


11. 


12. 


1D. 


14. 


15. 


16. 


17. 


18. 


19. 


(c) larger angular momentum 
(d) larger torque 


Coriolis force equals 

(a) inertial force 2 m@v 
(b) centripetal force mra’ 
(c) centrifugal force mv?/r 
(d) none of these 


Conservative force means 

(a) the total energy of a particle acted upon by such a 
force is zero 

(b) the work done against such a force in closed path 
is Zero 

(c) the total energy of a particle acted upon by such a 
force is conserved 

(d) both (b) and (c) 


The wheels of automobiles are made hollow to have 
(a) larger moment of inertia 

(b) larger acceleration 

(c) larger efficiency 

(d) larger angular velocity 


The condition for a mechanical transverse wave to 

traverse through a medium is 

(a) it shall have young’s modulus 

(b) it shall have bulk modulus 

(c) it shall possess modulus of rigidity 

(d) it shall have both bulk modulus and modulus of 
rigidity 

Two sources of frequency 405 and 200 Hz are sounded 

together then 

(a) no beats will be heard 

(b) 5 beats will be heard 

(c) 205 beats will be heard 

(d) none of these 


Molar heat capacity in an isothermal process 1s 


(a) finite but not zero (b) zero 

(c) infinity (d) R 

Molar heat capacity in an adiabatic process 1s 
(a) R (b) zero 

(c) finite but not zero (d) infinity 


Two bodies P and Q having equal surface areas are held 
at temperatures 20°C and 40°C. Thermal radiation ratio 
of P : Q in a given time is 
(a) 1:1.13 

(c) 1:16 


(b) 1:2 
(d) 1:4 


1 ohm resistance is colour coded. The colour bands in 
sequence will be 

(a) Black, Brown, Black (b) Black, Black, Black 
(c) Brown, Black, Gold (d) Brown, Black, Silver 
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20. 


2l, 


22: 


ae. 


24. 


25. 


26. 


LT. 


28. 


29. 


A conductor has resistivity 2 ohm — m. Its length 
is doubled and diameter halved. The new specific 
resistance is 

(a) 16 ohm -m 
(c) 4 ohm -m 


(b) 8 ohm -m 
(d) 2 ohm -m 


A galvanometer of current sensitivity 10 u A/division 
has 20 divisions. It 1s to be converted into a voltmeter 
of 5 V. The resistance to be connected in seriesis _. 
The internal resistance of galvanometer is 200 Q 

(a) 20kQ (b) 24.8 kQ 

(c) 2.48 kQ (d) 2 kQ 


A capacitor of 20 uF is being charged with a series 
resistance 1 kQ and 10 V supply. The time in which it 
charges to 9.5 V is 
(a) 20 ms 
(c) 40 ms 


(b) 60 ms 
(d) 50 ms 


The flow is streamlined if Reynold’s number is 
(a) equal to 2000 (b) less than 2000 
(c) greater than 2000 (d) equal to 3000 


A viscometer when filled with glycerine (density 
1.26 g/cc and viscosity 8.5 poise) takes 45s to get empty. 
The viscosity of castor oil will be .... 1f it is emptied in 
69 s (density 0.87 g/cc) 
(a) 10.121 Poise 

(c) 7.95 Poise 


(b) 9.102 Poise 
(d) 8.54 Poise 


Nutation represents 

(a) precession in the top 

(b) wobbling in the top 

(c) spinning of top 

(d) translation motion of top 

A racing car moving with constant acceleration, covers 


two successive kilometers in 30 s and 20 s respectively. 
Find the acceleration of the car and the initial speed. 


(a) ; ms”, = ms” (b) > s, = ms” 
(c) 2 ms”, 2 x (d) a ms”, pail 
3 3 3 3 


A ball is dropped from a balloon which 1s 290 m above 
the ground and ascending at 14 m/s the maximum height 
to which it can reach is 
(a) 200m 

(c) 75m 


(b) 300m 
(d) 150m 


In the previous question the position and velocity of 
the ball 5 sec after being dropped is 


(b) 237.5 m, 35 m/s 


(d) 300 m, = m/s 


(a) 237.5 m, = m/s 
(c) 300 m, 35 m/s 


A cricketer hits a ball with a velocity 25 m/s at 60° 
above the horizontal. Find how far above the ground 
it passes over a fielder 50 m from the bat. 


30. 


31. 


a2, 


33. 


34. 


33. 


36. 


37. 
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(b) 16m 
(d) 82m 


(a) 4.9m 
(c) 9.8 m 


An aeroplane moving horizontally at a speed of 200 m/s 
and at a height of 8 km is to drop a bomb on a target. 
At what horizontal distance from the target should the 
bomb be released? 
(a) 1960 m 
(c) 8080 m 


(b) 980 m 
(d) 4900 m 


A stone is projected from the ground with a velocity 
of 25 m/s. Two seconds later, it just clears a wall 5 m 
high. Find the angle of projection of the stone. 

(a) 90° (b) 45° 

(c) 60° (d) 30° 


A stone is projected from the ground with a velocity of 
25 m/s. Two second later, it just clears a wall 5 m high. 
Find the greatest height reached. 

(a) 7.8m (b) 9.8m 

(c) 19.6m (d) 4.9m 


A lorry travelling. on the level ground at 40 km/h can 
be stopped by its brakes in a distance 16 m. Find the 
speed from which it can be brought to rest in the same 
distance when descending a hill whose angle of slope 


is sin”! (Z) 
15 


(a) 5.07 m/s (b) 10.14 m/s 
(c) 15.07 m/s (d) 20.28 m/s 


The force required just to move a body up an inclined 
plane is double the force required just to prevent the 
body sliding down it. Then coefficient of friction is u. 
Find the angle of inclination of the plane. 

(a) tan! (2u) (b) tan u 


(c) tan! +) 
u 


A motor car has a distance of 1.1 m between wheels, 
its centre of gravity is 62 cm above the ground and 
the coefficient of friction between the wheels and 
the road is 0.8 when the car travels round a curve at 
speed, it is more likely to skid or to overturn? What is 
the maximum possible speed if the centre of gravity 
describes a circle of radius 16 m? The road surface 1s 
horizontal. 

(a) 5.42 m/s 
(c) 10.84 m/s 


(d) tan (3p) 


(b) 21.6 m/s 
(d) 9.8 m/s 


A horse pulls a wagon of 5000 kg from rest against a 
constant resistance of 90 N. The pull exerted initially 
is 600 N and it decreases uniformly with the distance 
covered to 400 N at a distance of 15 m from the start. 
Find the velocity of the wagon at this point. 

(a) 3.14 m/s (b) 21.6 m/s 

(c) 0.76 m/s (d) 1.57 m/s 


Find the radius of the orbit of a satellite of the earth 
which orbits in an equatorial plane with a period of 
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38. 


39. 


40. 


41. 


42. 


43. 


revolution of 24 hours. The mass of the earth = 6.0 x 
10**kg. Assume the value of G. 

(a) 4.2 x 108m 

(b) 4.2 x 10’m 

(c) 8.4 x 107 m 

(d) 4.2 x 10°m 


Three identical bodies of mass m each are located at 
the vertices of an equilateral triangle of side L. At what 
speed must they move if they all revolve under the 
influence of one another’s gravity in a circular orbit 
circumscribing the triangle while still presenting the 
equilateral triangle. 

(a) mG/L 

(b) m G/L 

(c) (mG/L)'” 

(d) (L/imG)'” 


An artificial satellite 1s revolving round the earth 
in a circular orbit at a height of 600 km from the 
surface of the earth. Find the speed and the time 
period of revolution of the satellite. (Radius of the 
earth = 6400 km) 

(a) 7.86 km/s, 96 min 

(b) 7.86 km/s, 48 min 

(c) 786 km/s, 96 min 

(d) 7.86 m/s, 96 sec. 


A machine gun fires 50 gm bullets at a speed of 1km/s. 
The gunner holding the machine gun in his hands 
can exert an average force of 180 N against the gun. 
Determine the maximum number of bullets he can fire 


per minute. 
(a) 16 (b) 512 
(c) 216 (d) 108 


A body of 2.0 kg mass makes an elastic collision 
with another body at rest and afterwards continues 
to move in the original direction but with one-fourth 
of its original speed. What is the mass of the struck 
body? 


7 5 
(a) 5 88 (b) = ke 
3 6 
LE d >k 
(c) : g (d) 5 g 


A 100 km/h wind blows normally against one wall of 
a house having an area of 50 m*. Calculate the force 
exerted on the wall if the air moves parallel to the wall 
after striking it and has a density 1.134 kg/m? 

(a) 260.4 KN (b) 393.8 kN 

(c) 120.2 kN (d) 468.2 kN 


A piece of sugar weighting 40 g is coated with 
5.76 g of wax of specific gravity 0.96. If the coated 
sugar weighs 14.76 g in water, find the specific gravity 
of sugar. 

(a) 0.9 gm/cm? 
(c) 0.8 gm/cm? 


(b) 1.6 gm/cm? 
(d) 1.8 gm/cm? 


44. 


45. 


46. 


47. 


48. 


49. 


50. 
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A piece of an alloy of mass 96 gm is composed of two 
metals whose specific gravities are 11.4 and 7.4. If the 
weight of the alloy is 86 g in water, find the mass of 
each metal in the alloy. 

(a) 78 gm, 18cm 

(b) 62.7 gm, 33.3 gm 

(c) 68.3, 27.8 

(d) 55.1 gm, 40.9 gm 


A weighing scale is adjusted to zero. Particles fall from 
a height of 4.9 m before colliding with the balance pan 
on the scale, the collisions are elastic 1.e, the particles 
rebound upward with the same speed. If each particle 
has a mass of 5 gm and collisions occur at the rate 
of 50 particles per second, what is the scale reading 
in gm? 

(a) 450g 
(c) 500 g 


(b) 560g 
(d) 482 g 


A cubical lump of ice (specific gravity 0.92) has 
embedded in it a piece of iron (specific gravity 7.76) of 
mass | gm. The lump of ice floats in water and gradually 
melts, but retains its cubical form. Find the edge of the 
cube when it sinks. 
(a) 11.25 mm 

(c) 2.225 cm 


(b) 44.5 m 
(d) 22.25 mm 


A rectangular tank 2 m deep, 3 m broad and 4 m long 
is filled with water. Calculate the magnitude and the 
point of action of the resultant thrust due to the water 
on one of the sides. 


(a) Å m (b) 


= 


wln Wile 
5 


©) 2m (d) 
3 


The angle between two equal forces so that their 
resultant is one-third of any of the forces is 

(a) 120° 30' (b) 150° 

(c) 140° 56' (d) 75° 30' 


A simple pendulum is set up in a lift which has a 
downward acceleration greater than the acceleration 
due to gravity. The pendulum executes oscillations with 
period. 


L 
Aan a—g (o) aa a+g 
l L L 
(c) — ,/-—— (d) 2x i 
2m \a-8 §—a 


A body of 2 kg mass makes a perfectly inelastic 
collision with another body at rest and afterwards, 
continues to move in the original direction but with 
one-fourth of its original speed. The mass of the struck 
body 1s 

(a) 8kg 
(c) 2kg 


(b) 8kg 
(d) 6kg 


| M.72 


Answers 

1. (a) 2. (b) 3. (a) 4. 

8. (c) 9. (a) 10. (c) 11. 
15. (b) 16. (c) 17. (b) 18. 
22. (b) 23. (b) 24. (b) 25. 
29. (d) 30. (c) 31. (d) 32. 
36. (d) 37. (b) 38. (c) 39. 
43. (b) 44. (b) 45. (c) 46. 
50. (d) 


10. 


Il. 


EXPLANATIONS 


(a) Bosons are particles which have zero or integral 
spin and follow Bose-Einstein statistics. 


(b) Fermions are particles which have spin half odd 
integral multiple. They follow Fermi-Dirac statistics. 
They also follow Pauli’s exclusion principle i.e. in 
a subshell two fermions with opposite spins can be 
accommodated. 


(a) Proton is a fermion. All others are bosons. 


(c) Nuclear force has a range of the order of 10 
femtometer (10-'* m). At a distance much larger than 
10 fm Nuclear force is much less than electrostatic 
force. 


(c) AC current is a phasor as it possesses a magnitude 
and phase angle e.g. J = J, sin (wt + @ ) will have 
amplitude = J, and phase = @ 


(d) Transformer acts on the principle of mutual 
induction. Therefore, it works when ac is applied, if 
dc is inputted, output is zero. 


(b) We know ac power is P = V. I cosġ where V and 
I are rms values of voltage and current, respectively, 
and cos@ is power factor. Because in motors cos@ 
will depend upon local conditions. Therefore, power 
consumed will be different at different places for this 
reason exact wattage cannot be represented. 


(c) Consider y = a sin (wt + ¢) ¢ is the initial phase 
angle which is called epoch or angle of repose. 


(a) In SHM time period of vibrations is constant. 
Therefore, it 1s called isochronous (equal-time) motion. 


(c) A flywheel possesses larger angular momentum. 
Because of this even a small jerk will allow the flyweel 
to complete the rotation. 


(a) Consider a turntable rotating with a uniform speed 
w about a fixed axis. Assume a small cart moves 
outward on a radial track mounted on the turn table. 
Let V be the velocity of the cart. As the time elapses 
cart possesses, besides radial acceleration a, = w’r, an 
inertial acceleration a = w? a tangential acceleration 
a,= Wv, The inertial force m ‚= 2 mwv is called coriolis 
force. It plays an important part in the motions of earth’s 
atmosphere. 


13. 


14. 
15. 
16. 
17. 
18. 


19. 


20. 


2l: 


or 
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5. (c) 6. (d) 7. (b) 
12. (d) 13. (a) 14. (d) 
19. (c) 20. (d) 21 (b) 
26. (a) 27. (b) 28. (b) 
33. (b) 34. (d) 35. (c) 
40. (c) 41. (d) 42. (b) 
47. (a) 48. (c) 49. (a) 


(a) Because hollow surfaces have larger moment of 
inertia. Moment of inertia in rotational motion acts as 
mass in linear motion. 


(d) Transverse waves require both bulk modulus and 
modulus of rigidity since air does not possess modulus 
of rigidity, therefore, transverse waves cannot traverse 
through it. 


(b) Beats are also produced by a combination of tones. 
405 — 200 = 205 Hz 
200 Hz and 205 Hz tones give 5 beats per second. 
(c) Molar heat capacity is given by 
AQ 


C = —— In an isothermal process 
nAT 


AT=0, .. C= 


(b) In case of adiabatic process AQ = 0. Therefore, with 
the agruments given in solution of 16th question, we 
conclude C 0 


(a) Radiation energy is directly proportional to T * 


adiabatic 


E, _ (273+20)* (23) ES 
E,  (273+40)f \313/ 1.13 


(c) First colour is never black. The scheme is 
ab x 107° 


10x 10'=1 

l => Brown 
0 => Back 
107 => Gold 


(d) Resistivity or specific resistance is an inherent 
property of the conductor and hence remains constant 
for a given conductor. 


(b) Series Resistance R_ is given by 
r 
s I 7 R, 


£ 
5 
200x10 
= 24800 
= 24.8 kQ 


— 200 
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22: 


Zo: 


24. 


25. 


26. 


pie 


28. 


29. 


30. 


(b) A capacitor takes 3t = 3 RC time to charge to 95% 
value of maximum 9.5 V= 95% of 10 V .. t=3 RC= 
60 ms. 


(b) If Reynold’s number 1s less than 2000 or velocity of 

fluid is less than 20 cm/s then the fluid has streamlined 

motion or steady motion. If Reynold’s number 

is > 3000. Then flow becomes turbulant. 

a ei where n = viscosity, p = density and 
n Pab 

t time taken by the fluid. 


(b) 


(b) A spinning top has 3 types of motion (1) spinning 
(11) precession (111) wobbling or nutation 


1 
(a) 1000 = 30 u + a = 30u+450 a 


2000 = 50u + = (50)*a = 50u + 1250 a 


or 100=3u+45a 
200=5u+125a 


Solving for u and a 


a= 2 m/s? and u = me mls"! 
3 3 


(b) Take upward direction as positive 
u= 14 mls, a =— 9.8 m/s’, V=0, S=? 
using v? — u’ = 2 as 
0-14 =-2x 98x s 

14? 


Maximum height reached = 290 + 10 = 300 
(b) u = 14 m/s, a= 9.8 mls? t = 55,= s 2, v=? 


l 2 
s=ut+ — at 
2 


= 14x5- Z x 9.857% 52.5 m 


Height above the ground = 290 — 52.5 = 237.5 m 
v=utat= 14-9. x 5=-— 35 m/s 


velocity downward = 35 m/s 
2 


(d) y = x tan e -a 
4 2u’ cos’ 0 
E 504/3 9.8(50)* 
= ae 5 
22005) = 
(25) G 
= 8.2m 


(c) If t is the time taken for the bomb to drop on the 
target, using 


1 
h= TELI 10° = > x98 xr 


E 2x8xl10 ang 
CE es 


31. 


32, 


33. 


34. 


335. 
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The horizontal distance covered by the bomb during 
this time = 200 x 40.4 = 8080 m 


l 
(d) h = u t- z8 
5 = 25 sin a (2) — 52? 
l 
sin & = 5 or a = 30° 


with the horizontal 


Greatest height reached 


he u’ sin’ 0 
2g 
E 25x25x1 
~ 2x10x4 
=7.8 m 
40x5 
(b) The speed of the lorry = 40 km/h = 
100 j 
= — m/s 
9 


Distance in which it is stopped = 16 m. 
2 
o= 2) +2a x 16 


2 
A=> NP = — 3.86 m/s? 
9* x 32 
force of brakes = Ma = 3.86 M Newton, where M is the 
mass of the lorry. 


net retardation 


= Arae 8 sing 
1 
= 3.86 — 9.8 x — 
15 
= 3.21 ms” 


Let u, be the velocity required. 
O= u; —2x3.21x 16 
u = 2x3.21x16 = 10.14 m/s 


(d) If F, is the force required to move a body up the 
inclined plane, 


F= W sin + u Wcosd 

In the second case, 

F own = W sin0 — u W cos 

It is given that F = 2 F, 

W sin + u Wcos0 = 2 (Wsin — u Weosé@ ) 
sin 0 + ucos@ = 2sin@ — 2u cos@ 

sin@ = 3u cos 

tan = 3u : 

0 = tan (3u) 


1.1 
(c) Here w= 0.8, a= — =0.55 m 


h = 0.62 m. 
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Substituting numerical values, 
V = y0.8gr =0.894 48" m/s 


v= pe = 0.94 Ver mi 
TN 062 777 ane 


It is seen that V, is less that V. 


If the velocity increases gradually, V will be attained 
first and the car will skid. 


Hence skidding will occur before overturning 
V, = /0.8x9.8x15 = 10.84 m/s 


36. (d) Ifa graph is drawn between force and displacement, 
the area under the graph gives the work done and 
therefore the kinetic energy. 


Initial pull = 600 N 
Effective force = 600 — 90 = 510 N 


510 N 


310 N 


Effective force after covering 15 m. 
= 400 -90 = 310 N 


1 
Area under the graph = 5 my? 


= aa x 15 =6150J 


: x 5000 x v? = 6150 


> 2x6150 A [2x615 = 1.57 mls. 
5000 500 
GM _M., 
37. (b) ——~;— =M. o’r, where ris the radius of the orbit 
r 
GM 
i a ET (1) 


The period of revolution T = 24 x 60 x 60 second 


pte 4r? _ GM, _ 6.7x10""'x6x10™ 
= 24?°x60°x60 rk r 
pe 6.7x6x107" x10” x 24° x 607 x 60° 
An? 
= 76.03 10?! 


r = (76)'*x 107=4.2 x 10’m 


38. (c) Consider the mass m at c. Let F be the force with 
which the mass is attracted by the masses at B and A. 
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The resultant of these two forces 


=2 F= cos 30° =2 F. =. F V3 


L 
The radius of the circle = œ = —= 
V3 


2 2 
3 
The centripetal force =F 32 = st 
r 
3 -G 2 
Therefore F= — , Ñ= di 
L L 
freeads yt ga 
orce (1) and (2) mv* = 5 lame 
GM 


GM 
39. Xa) 8, = R where g, = 9.8 m/s’, g = 


E 


& [R +600) _ = E 35] 
g | R ~ (6400) L32 
3y 
=- |22| x98 
J 5) 
wa i 
v = 4/8 (R; +600) = 35 9.8 xX 7 x 10 


= 9.8x 7x 10° 
35 8x 7x 


7 22(R, +600) 
Vo 


2 x7000x10° x35 


32V9.8x7x10° 


40. (c) Let n be number of bullets that can be fired per sec 
Force = nmu =n x 50 x 10° x 1000 = 180 N 
180x10° 
"~'50x1000 — 
Number of bullets that can be fired per minute 
= 60 x 3.6=216 
41. (d) Let m be the mass of the struck body. Initial 


momentum = 2u. Let v be the velocity of struck body 
after collision 


(R, +600)" 


seconds 


3.6 


2u=2x 7 + mv (1) 


From Newton’s experimental law, for an elastic 
collision, the velocity of approach = the velocity of 
separation 
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42. 


43. 


44. 


or 


45. 


u—-Q=v-— 


we (2) 


2 

(b) F = pA v?= 1.134 x 50 x (252) 
= 393.8 KN 

(b) Mass of sugar = 40 gm. 
Mass of wax = 5.76 gm. 
Mass of sugar and wax in air = 45.76 gm. 
Mass of sugar and wax in water = 14.76 gm. 
Apparent loss of weight = 31.00 gm. 


Volume of sugar and wax = 31.00 cm? 


Volume of wax alone = a = 6 cm? 
0.96 
Volume of sugar = 31 — 6 = 25 cm? 
Density of sugar = = = 1.6 gm/cm° 
(b) Let mass of the metal of specific gravity 11.4 be M 


The volume of the metal = ae cm 


11.4 
—M 

The volume of the other metal = T cm? 
Total volume of the alloy = es + se m 

11.4 7.4 

M -s 
-MA 96-M T0 

11.4 7.4 

7.4M+11.4x96-11.4 M=10x114x7.4 


M = 62.7 g 

Mass of the other metal = 96 — 62.7 = 33.3 g 

(c) The particle falls from a height of 4.9 m. 

v =2 gh, 

2gh 

The velocity of the particle as it hits the pan 
= J2x9.8x4.9 = 9 8 m/s 

The momentum of the particle before collision 
= § x 10° x 9.8 Ns 


As the particle rebounds with the same speed the 
momentum after collision 


=— § x 10° x 9.8 NS 

Change in momentum of each particle 
=2 x 5 x 10° x 9.8 Ns 

Rate of change of momentum 
=50x2 x 5x 10°x98N 


=z ý= 


46. 


47. 


48. 


49. 


50. 
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-3 
Reading of the balance = o 
= 500 g 


(c) and (d) Let a be the edge of the cube when it sinks, 
so that the volume of the cube = a? 


Upward thrust due to displaced water = a? gm. wt 

Mass of iron = 1gm 

(a°—1) 
0.92 


3 


Volume of ice = cm 


1 
Volume of iron = —— cm? 
7.76 


a=] 1 
0.92 
0.92 


0.08 a? = 1 - — 
7.76 


r- — = _ IN 
7.76x 0.08 
a= 2.225 cm = 22.25mm 
(a) P = p gh =10°x 9.8 x 1=9.8 x 10° Nm? 
Thrust = 9.8 x 10? x 4 x 2=76.4 x 10°N 


The point of action is at the centre of pressure 


2 2 4 
“ G depth = 3 * 2= 3m below the surface 


lloyd 


0 0O | 
oreo =! TTA E 
2 3 2 6 


EOE 
J EOS 6 


= 70° 28' 
0 = 140° 56' 


(a) The pendulum bob will appear to float up tied to the 
string from below. If T is tension in string. 


T + mg = ma 


T=m (a-g) 


Time period = 27 | £ 
a-g 


(d) Let the mass of the struck body be m kg. 
20xv=(2+m) A 


_2+m 
© 4 
m+2=8 


m=6kg 


2 
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MODEL TEST 
PA PER 10 


Calculate the energy stored in capacitor in the circuit 
shown below. 


(a) 3uJ 
(c) 2uJ 


(b) 4.5uJ 
(d) none 


In the circuit shown below what is the energy associated 
to the inductor. Also find out power loss in the 
resistance R. 


€= 4V 


L=1H 3Q 


48 


(a) 0 and 3 W (b) 1J and = W 


(c) 0.5J and 3 W (d) 1J and3 W 


Two similar heater filaments A and B are connected in 
series and operated across a battery. When the filaments 
are glowing at their maximum, filament A is immersed 
in a tank of ice. 

(a) power loss in A increases 

(b) power loss in B increases 

(c) power loss in.B drcreases 

(d) power loss in the entire circuit remains same 


100 volts DC when applied across a resistance R 
dissipates P watts. What must be the peak value of AC 
applied which dissipates half of this power? 


(a) 50V (b) 50/2 V 
(c) 100 V (d) 100 v2 V 


Across a series LCR circuit a source of alternating e.m.f 
is applied. Potential difference across each component 
is found to be 100 volt. When capacitor is short circuited 
then what is the potential across resistor? 


(a) 100 V (b) 100 ¥2 V 
(c) 200 V (d) 504/2 V 
A rod of length ‘P is revolving clockwise in a magnetic 


field B perpendicular to the plane of revolution with 
a constant angular velocity œ, about an axis passing 
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through O and parallel of B. N is the middle point of 
the rod. What is the ratio of induced e.m.f. between O 
and N to induced e.m.f. between N and M? 


eS 
A 
cae x p N, 
/ 
A l i 
x OB x 
i 
\ / 
\ Fi 
~X X’ 
(a) 1:2 (b) 1:3 
(c) 1:1 (d) none is correct 


7. An x-ray tube is operating at 50 KV. The minimum 
wavelength of x-ray produced is 
(a) 1A (b) 0.25A 
(c) 2.5A (d) 10A 


8.._A H atom in the ground state absorbs 10.2 eV in 10° 
sec. The torque that acts on the electron is 
(a) 1.05 x 10 N—-m (b) 2.1 x 10 N-m 
(c) 1.05 x 10 N—m (d) None 


9. Assuming the orbit of electrons to be circular in ‘H’ 
atom. The ratio of areas of first and second orbit is 
(a) 1:4 (b) 1:9 
(c) 1:16 (d) None 


10. Which of the following range corresponds to visible 
light? 
(a) lto2eV 
(c) 3to4eV 


(b) 2to3eV 
(d) 4to5eV 


11. Induced electric field lines 
(a) always make closed paths 
(b) do not make closed paths 
(c) may make closed paths 
(d) are always straight 


12. A capacitor of 1u F charged with a supply of 4 volt. 
The resistance of the charging circuit is 1 (2. What is 
the heat dissipated in the charging circuit in charging 


process? 
(a) 16J (b) 16 uJ 
(c) SuI (d) 4J 


13. The force of attraction between the plates of a parallel 
plate capacitor is (q — charge on each plate E — electric 
field intensity between the plates 


(a) q4. E (b) 2gE 
(c) 4E (d) None 
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14. 


15. 


16. 


17. 


18. 


19, 


20. 


Choose the correct statement. 

(a) force on a charge in an electric field is conservative 

(b) force on a charge in an electric field is non 
conservative 

(c) force on a charge in an induced electric field may 
be conservative 

(d) force on a charge in an induced electric field is 
always zero 


A solid cylindrical long conductor of radius ‘R’ is 

carrying a steady current 1. 

(a) the magnetic field at all interior points of conductor 
is Zero 

(b) the magnetic field at all interior points of a 
conductor is constant 

(c) the magnetic field only at axis is zero 

(d) the magnetic field at the surface of conductor is 
Zero 


Unit of ‘mobility’ of charge carrier is 
(a) ms"! (b) mvs"! 
(c) mvs! (d) None 


Find the condition so that the points A and B are at same 
potential in the following circuit. 


R 
(a) R, = C, (b) = Gq 
R G 
CG == = d) non 
(c) RC (d) none 


A beam of protons moving at a speed of 10° ms", 
is carrying a current of 1A. How many protons are 
in | m length of the beam. 
(a) 6.25 x 108 
(c) 6.25 x 10" 


(b) 6.25 x 10” 
(d) 6.25 x 10% 


A pn junction diode is used as a half wave rectifier. Input 

is fed for both half cycles of ac but output is obtained 

only for the first half cycle. 

(a) the energy of the second half cycle 1s wasted as 
heat in the rectifier circuit 

(b) the energy of second half cycle is used to increase 
depletion zone 

(b) the energy of second half cycle is transferred to 
the next half cycle 

(d) there is no input energy fed for the second half 
cycle and so no output is there 


The truth table shown below correspond to which 
gate. 


pale 


22, 


23; 


= = © olb 
eK o- oly 
= e ej 


0 


(b) NOR 
(d) AND 


(a) NAND 
(c) OR 


An air filled parallel plate capacitor having plate area 
“A” and separation “d” between them is introduced 
with two slabs of equal volume, one metal and other 
of dielectric constant K = 2 as shown. What is the 
equivalent capacitance? 


(c) infinite (d) zero 


An electron is revolving round the nucleus in a circular 
orbit of radius R with velocity v. The magnetic dipole 
moment of the system is 


evR Mev 
(a) — b) ——> 
2 4zR 
(c) zero (d) none 


A charged particle of charge ‘gq’ and mass m is 
accelerated under ‘V’ volts. Which is the correct graph 
plotted between its velocity gained and potential of 
acceleration? 


Z 

(a) - 

(b) va 
V 


(c) 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


a2. 


< 


(d) J 


A long wire is carrying a steady current J. An observer 
sitting in a platform moves down with a velocity equal 
to drift velocity of electron. The magetic field observed 
by the man is at distance R. 


(a) Mot (b) Zol 
2maR 2a R 

(c) sie (d) zero 
IT 


A magnetic configuration has net non-zero magnetic 

moment. 

(a) the magnetic configuration has N-S poles 

(b) the magnetic configuration does not have N-S poles 

(c) the magnetic configuration may have N-S poles 

(d) the magnetic configuration is due to permanent 
magnet 


Magnetic field at the center of hydrogen atom when it 
is in the ground state is 
(a) 12.4 Tesla 

(c) 1Tesla 


(b) 103Tesla 
(d) none of these 


Magnetic field at the centre of H-atom when it is in 
the first excited state is 
(a) 12.4T 

(c) 1T 


(b) 10°T 
(d) none of these 


The threshold wave length for photoelectric effect to the 
surface of certain material is 5860 A.The photoelectric 
emission will take place when this material 1s 
illuminated with 

(a) 100 watt JR Lamp 
(c) 60 Watt Red Lamp 


(b) 1 Watt UV Lamp 
(d) 200 Watt Red Lamp 


A photon of energy 12.75 eV is incident on H—atom, it 
is absorbed. The excited state to which H-atom goes 
(a) first excited state (b) second excited state 
(c) third excited state (d) none of these 


The maximum number of spectral lines emitted in the 
above question 
(a) 4 
(c) 6 


(b) 5 
(d) 8 


The spectral lines emitted in the above question 
belong to 

(a) Balmer series 
(c) Paschen 


(b) Lyman 
(d) all of these 
A radioactive sample was kept in a room accidentally. 


The activity of the room increases 32 times the normal 
activity of the room. If half-life time of the sample 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 
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is 15 days. The days in which the room can be safely 
occupied 

(a) 60 days 
(c) 100 days 


(b) 75 days 
(d) 50 days 


If half life time of a sample is 10 years. The days within 
which radioactivity will be over 

(a) 100 yrs (b) 10 yrs 

(c) 50 yrs (d) infinite 


Half life time of Polonium is 138 days. The last nucleus 
of this radioactive sample will decay in 

(a) 138 days (b) 2 x 138 days 

(c) 3 x 138 days (d) unpredictable 


The electromagnetic waves which cannot be obtained 
due to the process of bremsstrahlung are 


(a) X-rays (b) y-rays 

(c) IR (d) heat radiations 
The most energetic particles are 

(a) a-rays (b) p-rays 

(c) y-rays (d) cosmic rays 


Two bulbs 25 W, 220 V and 100 W, 220 V connected 
in series. So that the power of first bulb is 4 W. Now 
the source voltage is 
(a) 440 V 
(c) 110 V 


(b) 220 V 
(d) 55V 


A resistance wire of 81 Q is uniformly stretched till 
its resistance becomes 256 @2. If the original thickness 
is 8 mm. Now the thickness is 

(a) 2mm (b) 4mm 

(c) 6mm (d) 1mm 


Range of an ammeter of resistance X is to be increased 
by n times. The shunt resistance = ? 


(a) = 


n 


x 
(c) 7-1 


(b) nx 


(d) n—1 (x) 


Volt meter reading 


(a) 1.6 V 
(c) 0.8 V 


(b) 1.2 V 
(d) 0.4 V 


V = 124/2 sin (2000 ft). If Z = 2A then resonant 
frequency f is =? 
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42. 


43. 


44. 


(a) 2000 Hz (b) 4000 Hz 
(c) 1000 i a 2 
T mT 


A steel wire of length ‘l’ has a magnetic moment M. It 
is then bent into a semi-circular arc. The new magnetic 
moment is 
(a) M 

(c) «MII 


(b) 2 MIn 
(d) Mlin 


The period of oscillation of a magnet in a vibration 
magnetometer is 2 sec. The period of oscillation of a 
magnet whose magnetic moment is four times that of 
the first magnet is. 
(a) 1 sec 
(c) 8 sec 


(b) 5 sec 
(d) 0.5 sec 


Two identical thin bar magnets each of length ‘P and 
pole strength m are placed at right angles to each other 
with the north pole of one touching the south pole of the 
other. The resulting magnetic moment of the magnet is 


Answers 

1. (b) 2. (c) 3. (b) 4. 

8. (a) 9. (c) 10. (b) 11. 
15. (c) 16. (b) 17. (a) 18. 
22. (a) 23. (c) 24. (a) 25. 
29. (c) 30. (c) 31. (d) 32. 
36. (c) 37. (c) 38. (c) 39. 
43. (a) 44. (b) 45. (d) 46. 


l. 


EXPLA NATIONS 


(b) Current will not flow through capacitors in the 
circuit. 


Current in the circuit excluding capacitor = 3 A. In the 
loop ABCD 2-3+V,—2=0o0rV.=3V 


1 1 
Energy stored E = mae a 10% x 3? = quJ 
A 2V 1Q B 
avj, io F 
D w C 
1Q 
4V 


45. 


46. 


(b) V2 ml 
(d) ml./2 


(a) ml 


(c) mP 


Isogonic lines on a magnetic map will have 
(a) zero angle of dip 

(b) zero angle of declination 

(c) the same angle of dip 

(d) the same angle of declination 


The B-H curve (a) and (b) in figure, are associated 
with 


(a) 
(b) 
(c) 
(d) 


a diamagnetic and (b) paramagnetic respectively 
a paramagnetic and ferromagnetic respectively 
soft iron and steel respectively 

steel and soft iron respectively 


5. (d) 6. (b) 7 (b) 
12. (c) 13. (c) 14. (a) 
19. (a) 20. (a) 21. (b) 
26. (a) 27. (d) 28. (b) 
33. (d) 34. (d) 35. (b) 
40. (b) 41. (c) 42. (b) 
(b) I= 4 = 1A 
+1 
1 l > 
E,=—LP=— x 1x 1=0.5J 
2 Z 


P.=PR=1?x3=3W 


(b) As the filament A is merged in ice tank its 
temperature reduces and so the resistance also reduces. 
Current will increase in the circuit. 


o (E) x1- 1 [00 
v2) R 2\ R 


E,= 100 volt 


| M.80 


3: 


12; 


13. 


17. 


18. 


21. 


22; 


23. 
25. 


(d) Net potential 
V= (100) +(100-100)? = 100 Volts 


when capacitor is short circuited 


then V= Vr +V/ as V, & V, are equal 


1240 
(b) A_. (nm) = Ea = —^—— = 948 x 19°33 


= 0.248 Å 


(a) By absorbing 10.2 eV electron will go from first to 
second orbit. 


h 
— aL Mn E 6.6x10™ 
t= dt 10° T 2x3.14x10° 
= 1.05 x 106 Nm 
R 1 A R 1 
(c) + = — = R æ nand + =|—| = — 
R, 4 A (R) 16 


(c) The heat dissipated with charging circuit is equal to 
energy stored by the capacitor 


1 1 
— CV= — (1u F) (4Y = 8u J. 
2 2 
o g? qE 
O Ie ae AN 


1 
(a) V œ T whereas V œ R (in series) 


(b) Number of protons passing a given point/sec. 
=6.25 x 10" 


Number of protons/m length of the beam 


6.25x 10" 6.95 x 10" 
= = x 
10° | 
E&A E 4e A 
©) ap a2 ~ a 
2 o0 


ev, eVR 
(a) M = IA’ = xik = —— 
2maR 2 


(c) Asv œ JV orv? œ V 


(a) For a magnetic configuration to have N-S poles, it 
must have net non -zero magnetic moment. 


or 


ay. 


28. 


29. 


30. 


32. 


37. 


or 
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ol 
aj) B = — 
(a) F 
e,m 
V 
TE- e ev Mev 
OT 2ar mr?  w(2rr) 
yV 
I d fH Ear 
n groun state o atom v = 137 
Lec f 
B= — ENN 53 4 
4nr? x7 


107 x1.6x10  x3x108 
~ (053x10)? x137 


1.6x3x107 4.8 m 
+e C= XX 
(0.53 x 0.53)x137 38.48 
B= 12.4 tesla 
(d) In Ist excited state r=0.53 x 4A 

C 

SE, 

B= Mol = E ee 
2r 47(0.53x 4x10 °) x 2x 137 
12.4 

= —— , B=038T 
32 


(b) Condition of photoelectric effect is À <1, 
Now A, = 5860 A® 
A uv < 5860 A° Only U. V satisfies the above condition 


l 
(c) 12.75 = 13.6 1-5] or n? = 16, i.e., n = +4 
n 


3rd excited state. 


(b) 32 = 2" 
N=5 


after 5t „= 75 days the room is suitable for occupancy 


220° 


(c)R= = 484Q 
100 


y 2 
4 = | ———_—__| x 1936 
484 +1936 


V=110 V 
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38. 


39. 


40. 


A B 
4R R 
V 
l i 
(c) R=p— R 
l' -( ah z) 
RP RR R m 
a a 
a R _ 256 
qa” = R ~ g] 
3 3 
r= 4r = > x8 mm =6 mm 
4 4 
(aJni (S) =I (x) 


(n+ 1)I 


nI 
X 
S=> 
n 


(b) V, = 3(.8)=2.4V 


V.=0.2 (18) =3.6V 
V,.=-1.2V 


41. 


42. 


43. 


or 


Or, 


or 


44. 


45. 
46. 


V l a 
l= R only at resonance in LCR circuit 


o, = 2000 
frequency f= m = = = Hz 
(b) 
= =] 
2 
d= — New magnetic moment = m x d 


T, M, 
2 4 
L; — 1] 
T = lsec 


(b) The resultant magnetic moment of a magnet is 


M?= M? + M} +2M,M,cosé 


(d) The same angle of declination 


(c) Retentivity of soft iron is more than that of steel. 


a 
A | 


V 
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QUESTION 
PAPER 2014 


The pressure that has to be applied to the ends of a 
steel wire of length 10 cm to keep its length constant 
when its temperature is raised by 100°C is (for steel 
Young’s modulus is 2 x 10'' Nm~ and coefficient of 
thermal expansion is: 1.1 x 10° K!) 

(a) 2.2x107Pa (b) 2.2 x 10° Pa 

(c) 2.2x 108 Pa (d) 2.2 x 10° Pa 


A conductor lies along the z-axis at-1.5<z<15m 
and carries a fixed current of 10.0 A in —a, direction 


(see figure). For a field B = 3.0 x 10*e°"4_ T, find the 
power required to move the conductor at constant speed 
to x = 2.0 m, y= 0 m in 5 x 10°s. Assume parallel 
motion along the x-axis 


(a) 14.85 W 
(c) 1.57 W 


A bob of mass m attached to an inextensible string of 

length / is suspended from a vertical support. The bob 

rotates in a horizontal circle with an angular speed w 

rad/s about the vertical. About the point of suspension 

(a) Angular momentum changes in direction but not 
in magnitude 

(b) Angular momentum changes both in direction and 
magnitude 

(c) Angular momentum is conserved 

(d) Angular momentum changes in magnitude but not 
in direction 


(b) 29.7 W 
(d) 2.97 W 


The current voltage relation of diode is given by 7 = 
(e!000v/T_ 1) mA, where the applied voltage Vis in volts 
and the temperature T is in degree kelvin. If a student 
makes an error measuring +0.01V while measuring 
the current of 5 mA at 300 K, what will be error in the 
value of current in mA? 
(a) 0.5 mA 

(c) 0.2 mA 


(b) 0.05 mA 
(d) 0.02 mA 


An open glass tube is immersed in mercury in such a 
way that a length of 8 cm extends above the mercury 
level. The open of the tube is then closed and sealed 
and the tube is raised vertically up by addition 46 cm. 


LP.3 


What will be length of the air column above mercury 
in the tube now? 

(Atmospheric pressure = 76 cm of Hg) 

(a) 38cm (b) 6cm 

(c) 16cm (d) 22 cm 

Match List-I (Electromagnetic wave type) with List- 
II (Its association/application) and select the correct 
option from the choices given below the lists : 


List-I List-II 
(a) Infrared waves (i) To treat muscular 
strain 


(b) Radio waves (i) For broadcasting 

(111) To detect fracture 
of bones 

(iv) Absorbed by the 


ozone layer of the 


(c) X-rays 


(d) Ultraviolet rays 


atmosphere 
(a) (b) (c) (d) 
(1) (iit) (il) (i) (iv) 
(2) © (il) (iii) (iv) 
(3) (iv) (iii) (il) (i) 
(4) (i) (il) (iv) (iii) 


A parallel plate capacitor is made of two circular plates 
separated by a distance of 5 mm and with a dielectric of 
dielectric constant 2.2 between them. When the electric 
field in the dielectric is 3 x 10* V/m, the charge density 
of the positive plate will be close to: 

(a) 3 x 10* C/m? (b) 6 x 10* C/m? 

(c) 6 x 107 C/m? (d) 3 x 107 C/m? 


A student measured the length of a rod and wrote it as 

3.50 cm. Which instrument did he use to measure it? 

(a) A screw gauge having 100 divisions in the circular 
scale and pitch as 1 mm 

(b) A screw gauge having 50 divisions in the circular 
scale and pitch as 1 mm 

(c) A meter scale 

(d) A vernier calliper where the 10 divisions in vernier 
scale matches with 9 division in main scale and 
main scale has 10 divisions in 1 cm 


Four particles, each of mass M and equidistant from 
each other, move along a circle of radius R under the 
action of their mutual gravitational attraction. The speed 
of each particle is: 


(a) Aa (b) 1 [a2 
R 2V R 
GM GM 

© J (d) [22 


| LP.4 


10. 


11. 


12. 


13. 


14. 


15. 


In a large building, there are 15 bulbs of 40 W, 5 bulbs 
of 100 W, 5 fans of 80 W and 1 heater of 1 kW. The 
voltage of the electric mains is 220 V. The minimum 
capacity of the main fuse of the building will be: 

(a) 12A (b) 14A 

(c) 8A (d) 1OA 


A particle moves with simple harmonic motion in 
a straight line. In first t s, after starting from rest it 
travels a distance a, and in next T sit travels 2a, in same 
direction, then: 

(a) amplitude of motion is 4a 

(b) time period of oscillations is 6t 

(c) amplitude of motion is 3a 

(d) time period of oscillations is 8t 


The coercivity of a small magnet where the ferromagnet 
gets demagnetized is 3 x 10° Am. The current required 
to be passed in a solenoid of length 10 cm and number 
of turns 100, so that the magnet gets demagnetized 
when inside the solenoid, is 

(a) 3A (b) 6A 

(c) 30mA (d) 60 mA 


The forward biased diode connection is: 


@ 2% pym 
(b) —2V > MAA +2 V 
(c) +2 V > err —2 V 
(d) -3 V > wer -3 V 


During the propagation of electromagnetic waves in a 

medium: 

(a) Electric energy density is equal to the magnetic 
energy density. 

(b) Both electric magnetic energy densities are zero. 

(c) Electric energy density is double of the magnetic 
energy density. 

(d) Electric energy density is half of the magnetic 
energy density. 


In the circuit shown here, the point ‘C’ is kept connected 
to point ‘A’ till the current flowing through the circuit, 
becomes constant. Afterward, suddenly, point ‘C’ is 
disconnected from point ‘A’ and connected to point ‘B’ 
at time t=). Ratio of the voltage across resistance and 
the inductor at t = L/R will be equal to 


16. 


17. 


18. 


19. 
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A mass ‘m’ is supported by a massless string would 
around a uniform hollow cylinder of mass m and radius 
R. If the string does not slip on the cylinder, with what 
acceleration will the mass fall on release? 


Lo 


3g 

a b 
(a) 7 (b) g 
© 29 (a) 2 

3 2 


One mole of diatomic ideal gas undergoes a cyclic 
process ABC as shown in figure. The process BC 
is adiabatic. The temperatures at A, B and C are 
400 K, 800 K and 600 K respectively. Choose the 
correct statement 


(a) The change in internal energy in the process AB 
is —350 R. 

(b) The change in internal energy in the process BC 
is —500 R. 

(c) The change in internal energy in whole cyclic 
process is 250 R. 

(d) The change in internal energy in the process CA 
is 700 R. 


From a tower of height H, a particle is thrown vertically 
upwards with a speed u. The time taken by the particle, 
to hit the ground, is n times that taken by it to reach the 
highest point of its path. The relation between H, u and 
n is: 

(a) 2gH = nu’(n — 2) 
(c) 2gH=n7u? 


(b) gH = (n — 2)u? 
(d) gH = (n — 27u? 


A thin convex lens made from crown glass í u= z) 


has focal length f. When it is measured in two different 


liquids having refractive indices = and >, it has the 
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20. 


2l; 


22; 


23. 


focal length f , and f, respectively. The correct relation 
between the focal lengths is 

(a) f,> f and f, becomes negative 

(b) f, and f, both become negative 


© fi=f,<f 


(d) f, >f and f, becomes negative 


Three rods of Copper, Brass and Steel are welded 
together to form a Y-shaped structure. Area of cross- 
section of each rod = 4 cm’. End of copper rod is 
maintained at 100° C where as ends of brass and steel 
are kept at 0° C. Lengths of the copper, brass and steel 
rods are 46, 13 and 12 cms respectively. The rods are 
thermally insulated from surroundings except at ends. 


Thermal conductivities of copper, brass and steel are 
0.92, 0.26 and 0.12 CGS units respectively. Rate of 
heat flow through copper rod is 

(a) 4.8 cal/s (b) 6.0 cal/s 

(c) 1.2 cal/s (d) 2.4 cal/s 


A pipe of length 85 cm is closed from one end. Find the 
number of possible natural oscillations of air column 
in the pipe whose frequencies lie below 1250 Hz. The 
velocity of sound in air is 340 m/s 

(a) 6 (b) 4 

(c) 12 (d) 8 


There is a circular tube in a vertical plane. Two liquids 
which do not mix and of densities d, and d, are filled 
in the tube. Each liquid subtends 90° angle at centre. 
Radius joining their interface makes an angle œ with 


da. 
vertical. Ratio — is 


2 


(a) 1+tana (b) l+sina 
]— tan æ l—cosa 
l+sina l+cosa 

(c) - (d) ———— 
l-—sinag l-—cosa 


A green light is incident from the water to the air-water 

interface at the critical angle (0). Select the correct 

statement 

(a) The spectrum of visible light whose frequency is 
more than that of green light will come out to the 
air medium 

(b) The entire spectrum of visible light will come 
out of the water at various angles to the normal 


24. 


25. 


26. 


2d; 


28. 


LP.5 


(c) The entire spectrum of visible light will come out 
of the water at an angle of 90° to the normal 

(d) The spectrum of visible light whose frequency is 
less than that of green light will come out to the 
air medium 


Hydrogen (,H'), Deuterium (H°), singly ionised Helium 
(,He*)* and doubly ionised lithium (,Li*)** all have 
one electron around the nucleus. Consider an electron 
transition from n = 2 to n= 1. If the wave lengths of 
emitted radiation are À, à, à, and À, respectively then 
approximately which one of the following is correct? 
(a) A,=A,=41,=9), (b) A= 2’, = 3A, = 4), 

(C) 44,=20,=20,=), @) à =2,=2), =À, 


The radiation corresponding to 3 — 2 transition of 
hydrogen atom falls on a metal surface to produce 
photoelectrons. These electrons are made to enter a 
magnetic field of 3 x 10 T. If the radius of the largest 
circular path followed by these electrons is 10.0 mm, 
the work function of the metal is close to 

(a) 0.8 eV (b) 1.6 eV 

(c) 1.8 eV (d) 1.1 eV 


A block of mass m is placed on a surface with a vertical 
3 


X ; 
cross section given by y= ra If the coefficient of 


friction is 0.5, the maximum height above the ground 
at which the block can be placed without slipping is 


(a) im (b) Lm 
© Lm (a) =m 


When arubber-band is stretched by a distance x, it exerts 
a restoring force of magnitude F = ax + bx? where a 
and b are constants. The work done in stretching the 
unstretched rubber-band by L is: 
P bE l[a bD 
aL’ b (b) {= OL 


a) ——+— 
a 2 3 2 3 


(c) aL + bL’ (d) 5 (al? + bL’) 

On heating water, bubbles being formed at the bottom 
of the vessel detatch and rise. Take the bubbles to be 
spheres of radius R and making a circular contact of 
radius r with the bottom of the vessel. If r << R, and 
the surface tension of water is T, value of r just before 
bubbles detatch is (density of water is p) 


LP.6 


29. 


apie 


(a) R? |E (b) R? 


T T 


Pw8 


(d) R? Pw8 
3T 6T 


(c) R’ 
Two beams, A and B, of plane polarized light with 
mutually perpendicular planes of polarization are seen 
through a polaroid. From the position when the beam 
A has maximum intensity (and beam B has zero 
intensity), a rotation of polaroid through 30° makes 
the two beams appear equally bright. If the initial 


Answers 


W 


O w 
wee r e See” 


18. 
25. 


ee ee 


HY) 


) 

) 

) 17. 
) 24. 
) 


30. 


(c) 
(b) 
(a) 
(d) 
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intensitites of the two beams are 7, and I, respectively, 


I 
then — equals 
B 


(a) 1l (b) 


Nl Ww wlre 


(c) 3 (d) 
Assume that an electric field E = 30x’? exists in space. 
Then the potential difference V, — V,, where V, is the 
potential at the origin and V, the potential at x= 2 m is: 


(a) —80 J (b) 80 J 
(c) 120J (d) -120 J 
5. (c) 6 (b) 7. (c) 
12. (a) 13 (c) 14. (a) 
19. (d) 20. (a) 21. (a) 
26. (c) 27. (a) 28. (Bonus) 
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SOLUTIONS 


Sol: As length is constant, 
Strain = AL =aAQ 
L 


Now pressure = stress = Y x strain 
=2 x 10"! x 1.1 x 10° x 100 


= 2.2 x 108 Pa 
Answer (c) 
Fdx  |ILbB.dx 
Sol: P= Work Done = [Fax = [Ba 
Time t t 
f 1066x104 jade 
7 5x107” 
-3 [ _-0.2x 1? 
ae = 9[1-e*]=2.97 W 
5x10” | —0.2 j; 
Answer (d) 


Sol: t = mg X l sin @. (Direction parallel to plane of 
rotation of particle) 


So 


m 


as tis perpendicular to L, direction of L changes but 
magnitude remains same. 


Answer (a) 


Sol: Z= (e! VT- 1) mA 
When /=5 mA, e! YT=6 mA 


Also, dI = (e!°° YT) x av 


1000 
= (6 mA) x —— x (0.01 
( ) 300 (0.01) 
=0.2 mA 
Answer (c) 


Sol: 


son] 


LP.7 


P+x=P, 

P=(76-x) 

8 XA X 76 = (76 — x) XA X (54 - x) 

x= 38 

Length of air column = 54 — 38 = 16 cm. 
Answer (c) 

Sol: Infrared waves — To treat muscular strain 
Radio waves — For broadcasting 

X-rays — To detect fracture of bones 


Ultraviolet rays — Absorbed by the ozone layer of the 
atmosphere; 


Answer (b) 
Sol: By formula of electric field between the plates of 


: o 
a capacitor E = —— 
Ep 


=> so =EKe, =3x10*x2.2x8.85x10" 
= 6.6 x 8.85 x 10°8 
= 5.841 x 107 
= 6x10” C/m? 

Answer (c) 


Sol: As measured value is 3.50 cm, the least count must 
be 0.01 cm = 0.1 mm 


For vernier scale with 1 MSD = 1 mm and 9 MSD = 
10 VSD, 


Least count = 1 MSD — 1 VSD 


= 0.1] mm 


Answer (d) 


Sol: Net force on any one particle 
GM? GM’ >. GM? 
= + ——— cos 45° + 


OR? RJJ (R2? 


_GM*)1 1 
R |4 J2 


This force will be equal to centripetal force so 


Mu? | ae nae 


R R 4 


GM 1 IGM 
= ,J— | 1+2vV2 | =—,/-—— (242 +1 
apr al V2) = 3 ye 2D 


cos 45° 


10. 


11. 


12. 


13. 


M 
u 
EN 
[IN 
M Wz M 
P) 
u 
M 


Sol: 15 x 40+5x 100+5x80+1000=VxI 
600 + 500 + 400 + 1000 = 220 7 

Te Li 
220 


I= 12A. 


Answer (b) 


Answer (a) 


Sol: 
A(l — cos wt) =a 
A( 1 — cos 2@t) = 3a 


a 
COS OT = 1-4) 
A 


cos 2@T = í -32 
A 


2 
(1-4) E EE 
A A 


Solving the equation 


a l 

A 2 
A=2a 

cos OT = — 

T=6t 
Answer (b) 
Sol: B= pw, ni 

B , 

— =ni 

Ho 
Mig A 

L 10x10 

I=3A. 
Answer (a) 

Sol: 
By diagram 


Answer (c) 


14. 


15. 


16. 


17. 


18. 


19. 
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Sol: 


Answer (a) 


Sol: Applying Kirchhoff’s law in closed loop, —V, — Vo 
=0 > V,/V.=-1 


Answer (a) 
Sol: For the mass m. 


mg — T = ma 


for the cylinder, 
TR = mR? — 
R 


> T=ma 
=> mg=2ma 
=> a=g/2 
Answer (d) 


Sol: AU = nC,AD=1x>~ AT 


For BC, AT =—-200 K 
=> AU =-500R 
Answer (b) 


Sol: Time to reach the maximum height 


f — 
If t, be the time taken to hit the ground 
-H = ut, — 5 gt, 


But t, = nt (given) 
l Jere 

= -H =u- g1 
g 2 g 


=> 2gH=nu(n-2) 


Answer (a) 


Sol: By Lens maker’s formula 


1/3 jit 
fr 15/3 R R, 
+-(3-1] jot 
f \2 NR R, 


£=4fand f =-5f 


Answer (d) 
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20. 


21. 


22, 


23. 


Sol: A 
dO, _ dQ, , Os ) 
dt dt dt 
0.92(100-T)  0.26(T —O) M 0.12(T -—O) 
46 13 12 
=> T=40°C 


dQ, _ 9.92 x 4(100 — 40) 
at 40 


= 4.8 cal/s 


Answer (a) 


< 1250 


(2n-1)v 
Sol: f= 
J= 


(2n-1)x340 
0.85x4 
=> 2n-1<12.5 


.. Answer is 6. 


< 1250 


Answer (a) 


Sol: P =P, 


P +d gR (cos a — sin a) = P, + digR(cos a + sin a) 26. 


d cosa+sina l+tana 


> = — = 

d, cosa—sina Al- tana 
Answer (a) 
Sol: sin@, = = 


u 


For greater wavelength (1.e., lesser frequency) u is 
less So, 0, would be more. So, they will not suffer 
reflection and come out at angles less then 90°. 


Answer (d) 28. 


25. 


ŽI: 


4 
A ; 
3Rz 
yi 
3R 
4 
A, =— 
> 3R 
ain 
? 112R 
_ 4 
+ JIR 
=> 1, =A, =4/, =9A, 
Answer (a) 
mo V2meV. 1 |2m 
Sol: r=—= =—,/—V 
qB eB BNe 
2-2 
> I- NZA 0.8 V 
2m 


For transıtion between 3 to 2, 


e-136[4-5] 
4 9 


_ 13.6x5 
36 
=1.88 eV 


Work function = 1.88 eV — 0.8 eV 
= 1.08 eV = 1.1 eV 


Answer (d) 


Sol: mg sin 0 = umg cos 0 
tanĝ=u 


Answer (c) 
Sol: faw = [F-dl 
W | axdx+ [ bx?dx 


al bE 
=—+—. 
2 3 
Answer (a) 


Sol: None 


LP.9 
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29. Sol: By law of Malus, J = J,cos’ 0 30. Sol: None 
Now, J,,=1,cos*30 
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E =30x7i 
1, = 1, cos*60 dV= __ fE di 
As 1,,=1,, 
3 l í Daz 
> 1[,x—=I1,x- [av =- [30x dx 
4 4 
Vo 0 
I, 1 
T3 V, -V = -80 Volt 


Answer (b) Answer (a) 
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USEFUL MATHEMATICAL RELATIONS 


ALGEBRA 


a x — aœ- = 


~ a“ +y)— aa f 
a a’ 


Logarithms: 


If log a= x, then a= 10x. 
log a — log b= log (a/b) 


log a + log b = log (ab) 
log (an) =n loga 

In a+ In b = In (ab) 

In (a")=nIna 


—b+ Jb’? —4ac 


2a 


If In a = x, then a = æ. 


lIn a — ln b = 1n (a/b) 


Quadratic formula: Ifax?+bx+c=0,x= 


BINOMIAL THEO REM 


n(n — 1)a”?b? ; n(n — 1)(n = 2)a"™b’ 


(a+b)"=a"+na"'b+ 


2! 3! 
re 
TRIGONOMETRY 
In the right triangle ABC, x? + y = r. 
Cc 
T y 
A B 


x 


Definitions of the trigonometric functions: 


sin a = y/r cos a = xlr tan a = y/x 


Identities: sin? a + cos? a = 1 


tan a = 
cosa 


sin 2a = 2 sin a cos a 


sin? a 
zol l—cosa 1 l+cosa 
sin—a = = cos—a= {—— 
2 2 2 2 
sin (— a) =— sin a sin (a+b) =sinacosb 


+ cosa sinb 
cos (- a) =cosa 
cosb F sina sinb 

: , 1 
sina + sinb = 2sin — 


(a+b) cos —(a-b) 


sin (a + m/2)=+ cosa 


cos 2a = cos*a— sin?a 
=2 cos-a=— |= 1'— 2 


cos (axtb) = cosa 


cos (a + m/2) =F sina 


GEOMETRY 


Circumference of circle of radius r: 
Area of circle of radius r: 

Volume of sphere of radius r: 
Surface area of sphere of radius r: 


Volume of cylinder of radius r and height h: 


CALCULUS 


Derivatives: 
d 


=A =n 
dx 


d 
— sin ax= a cos ax 
dx 


d f dx 
dx yta 


— cos ax = ~a sin ax 


a N = ae™ 


1 
— In ax = — 


x dx 
dx x | 


f dx 
dx (x? +a’) 


(x +a’) 


l 
cosa + cosb = 2cos — 


(a+b) cos (a-b) 


C=2rnrr 
A=Tr 
V= 4 rt r°/3 
A=4Ttr 
V=arh 


| = gia 
d. 
| — =In(x+Vx? +a") 


1 x 
= — arc tan— 
a a 
1 l 
32 = > 
a xr +a’ 
1 
32 = 
x +a’ 


Power series (convergent for range of x shown): 


—1)x’ 
Integrals: (1+.x)"=1l+nx+ = + 
~1)(n—2)x° 
ld E 
3! 
7 x"! x x x! 
fx dx = (n#-—1) sinx=x- — + — - — 
n+l 3! 5! 7! 
ote (all x) 
dx x? xí xÉ 
— =Inx cosx= 1- — + — —- — + 
x 2! 4! 6! 
E (all x) 
f ; > 2x 17x’ 
sinax dx =-—cosax tanx=x+— + — 
a 3 15 315 
4i 
oss. (kl<2] 
2 
l : x? 
[cosax dx = = sin ax e=l+x+— + — 
a 2! 3! 
Fo. (all x) 
m l 2 x? xí 
fe dx = — e” In (1 +x)=x- — + — - — 
a 3 4 
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THE GREEK ALPHABET 


Name Capital Lower case Name 
Aplha A a Nu 
Beta B B Xi 
Gamma T y Omicron 
Delta A 5 Pi 
Epsilon E € Rho 
Zeta Z C Sigma 
Eta H n Tau 
Theta © 0 Upsilon 
Tota I 1 Phi 
Kappa K K Chi 
Lambda A À Psi 
Mu M u Omega 
Group 1 2 3 4 5 6 7 8 9 10. 11 12 13 14 
Period 
1 
6 
2 C 
12.011 
11 14 
3 Na Si 
22.990 
lee 200 TAL 24 |25 27 30 |31 32 
4 K fCa Sc Cr |Mn |Fe | Co Zn |Ga_ | Ge 
39.098] 40.078 | 44.956 | 47.867]50.942 51.996] 54.938 [55.845 58.933 65.409 [69.723 72.64 
37 |38 [39 | 40 [41 43 |44 45 46 |47 48 |49 50 
5 Rb |Sr |Y Zr |Nb | Mo/Tec |Ru | Rh | Pd |Ag | Cd |In Sn 
85.468] 87.62 [88.906 | 91.224]92.906 95.94 | (98) 101.07 102.905] 106.42 | 107.868 | 112.411}114.818 118.710 
55 |56 |71 | 72 |73 74 |75 [|76 aiii 78 |79 80 {81 82 
6 Cs | Ba |Lu | Hf |Ta | W [Re JOs | Ir Pt |Au | Hg |TI Pb 
132.905] 137.327] 174.967] 178.49 180.948 | 183.84] 186.207]109.23 192.27 195.078] 196.967 | 200.59 | 204.383 207.2 
87 | 88 {103 | 104}105 | 106)107 |108 | 109 | 110 | 111 | 1124113 | 114 
7 | Fr |Ra {Lr |Rf |Db | Sg |Bh |Hs | Mt | Ds |Uuu | Uub/Uut | Uug 
(223) | (226) | (262) | (261) les» | es lesy lesy | es) | em | 72) | ess) (285) 
58 |59 |60 |6 62 63 64 66 |67 68 
Lanthanoids Ce |Or |Bd |Pm |Sm | Eu | Gd Dy |Ho | Er 
104.116 f 140.908] 144.24] (145) 150.36 151.964 f 157.25 162.500 [164.930 167.259 
Aidh 90 |91 |92 |93 |94 |95 |96 |97 |98 joo | 100 
Th |Pa |U |Np|Pu [A Cm |Bk |Cf |Es Fm 
(232) Ien |@38) Igen | @44) | @43) fean fean | eso 4252) (257) 


7 

N 

14.007 

15 16 

P S 
28.086 | 30.974 32.065 


69 

Tm 

168.934 
Id 


101 
M 
(258) 


For each element the average atomic mass of the mixture of isotopes occuring in nature is shown. For elements having no stable isotope, the approximate 
atomic mass of the longest-lived isotope is shown in parentheses. For elements that have been predicted but not yet detected, no atomic mass is given. All 
atomic masses are expressed in atomic mass unit (1 u = 1.66053873(13) x 10°’ kg), equivalent to grams per mole (g/mol). 
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Capital Lower case 
N wW 
E a 
O O 
IT T 
IT T 
> Oo 
T T 
Y 0) 
D b 
X x 
Y Y 
Q 0) 
15 16 17 18 


9 
F 
18.998 


17 
Cl 


79.904 


33 | 34 


Se 

52 

Te 
127.60 
84 
Po 
(209) 
116 
Uuh 


51 
Sb 


121.760 


83 


35 
Br 
53 

I 
126.904 
85 
At 
(210) 


117 
Uu 


Bi 


208.980 


Uup 


70 
Yb 


173.04 


[AB 


APPENDIX 4 


UNIT CONVERSION 
FAC TORS 


LENGTH 


1 m= 100 cm = 1000 mm=10° um 
= 10° nm 

1 km = 1000 m = 0.6214 mi 

1 m= 3.281 ft = 39.37 in. 

1 cm = 0.3937 in. 

1 in. = 2.540 cm 

1 ft = 30.48 cm 

lyd = 91.44 cm 

1 mi = 5280 ft = 1.609 km 

1 Å = 10™ m = 10® cm 

= 10! nm 

1 nautical mile = 6080 ft 

1 light year = 9.461 x 10! m 


A REA 


1 cm? = 0.155 in.? 
1 m? = 104 cm? = 10.76 ft? 
1 in.? = 6.452 cm? 
1 ft = 144 in.? = 0.0929 m? 
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VOLUM E 


1 liter = 1000 cm? = 10° m? 
= 0.03531 ft? = 61.02 in? 
1 ft? = 0.02832 m° = 28.32 liters 
= 7.477 gallons 
1 gallon = 3.788 liters 


TIME 


1 min= 60s 

1 h = 3600 s 

1 d = 86,400 s 

1 y = 365.24 d = 3.156 x 10” s 


ANGLE 


1 rad = 57.30° = 180°/x 

1° = 0.01745 rad = 2/180 rad 

1 revolution = 360° = 27 rad 

l rev/min (rpm) = 0.1047 rad/s 


SPEED 


1 m/s = 3.281 ft/s 
1 ft/s = 0.3048 m/s 
1 mi/min = 60 mi /h = 88 ft/s 
1 km/h = 0.2778 m/s = 0.6214 mi/h 
1 mi/h = 1.466 ft/s = 0.4470 m/s 
= 1.609 km/h 


NUMERICAL CONSTANTS 


FUNDAMENTAL PHYSICAL CONSTANTS 


Name Symbol 
Speed of light c 
Magnitude e 
of charge of 

electron 

Gravitational G 
constant 

Planck’s h 
constant 

Boltzmann k 
constant 

Avogadro’s N, 
number 


Gas constant R 
Mass of electron m 
Mass of proton m 
Mass of neutron m 
Premeability of H 
free space 

Permittivity of 
free space 


Value 


2.99792458 x 10% m/s 
1.602176462(63) x 10" C 


6.673(10) x 10"! N.m’*/kg? 


6.62606876(52) x 10°" J.s 


1.3806503(24) x 10°? J/K 


6.02214199(47) x 1073 
molecules/mol 


8.314472(15) J/mol . K 
9.10938188(72) x 10>! kg 
1.67262158(13) x 107” kg 
1.67492716(13) x 10°?’ kg 
42x 107 Wb/A.m 


8.854187817 ... x 10° 
C?/N . m? 
8.987551787 ... x 10° N.m?/C? 


1 furlong /fortnight = 1.662 x 10-4 m/s 


ACCELERATION 


1 m/s? = 100 cm/s? = 3.281 ft/s? 

1 cm/s? = 0.01 m/s? = 0.03281 ft/s? 
1 ft/s? = 0.3048 m/s? = 30.48 cm/s? 
1 mi /h. s = 1.467 ft/s? 


MASS 


1 kg = 10° g = 0.0685 slug 

1 g=6.85 x 10°’ kg 

l slug = 11.59 kg 

l u = 1.661 x 107” kg 

1 kg has a weight of 2.205 lb when 
g = 9.80 m/s” 


FORCE 


1 N = 10° dyn = 0.2248 Ib 
1 lb = 4.448 N = 4.448 x 10° dyn 
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1 Ib/in.? = 6895 Pa 

1 1b/ft2 = 47.88 Pa 

1 atm = 1.013 x 10° Pa = 1.013 bar 
= 14.7 Ib/in.? = 2117 lb/ft’ 

1 mm Hg = 1 torr = 133.3 Pa 


ENERG Y 


1 J = 10” erg = 0.239 cal 

1 cal = 4.186 J (based on 15° calo- 
rie) 

1 ft . Ib = 1.356 J 

1 Btu = 1055 J = 252 cal = 778 ft . Ib 
1 eV = 1.602 x 10°'° J 

1 k Wh = 3.600 x 106 J 


MASS-ENERGY 
EQUIVALENCE 


1 kg — 8.988 x 10'° J 
1 u — 931.5 MeV 
l eV — 1.074 x 10° u 


PRESSURE POWER 
1 Pa = 1 N/m? = 1.450 x104 lb/in? | 1 W=1 J/s 
= 0.209 lb/ft 1 hp = 746 W = 550 ft . Ib/s 

1 bar = 105 Pa 1 Btu/h = 0.293 W 

O THER USEFUL CONSTANTS* 
Mechanical 4.186 J/cal (15° calorie) 
equivalent of heat 
Standard l atm 1.01325 x 10° Pa 
atmospheric 
pressure 
Absolute zero OK — 273.15°C 
Electron volt l eV 1.602176462(63) x 10! J 
Atomic mass unit lu 1.66053873(13) x 10°?’ kg 
Electron rest m c° 0.510998902(21) MeV 
energy 
Volume of ideal 22.413996(39) liter/mol 
gas (0°C and 1 
atm) 
Acceleration g 9.80665 m/s? 
due to gravity 
(standard) 


*Source: National Institute of Standards and Technology (http:// 
physics.nist.gov/cuu). Numbers in parentheses show the 
uncertainty in the final digits of the main number; for example, the 
number 1.6454(21) means1.6454 + 0.0021. Values shown without 


uncertainties are exact. 
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EXPONENTIAL AND HYPERBOLIC FUNC TIONS 


x e* e~ O° (gdx) coshx(sec0) sinhx(tan0) tanhx(sine0) log coshx log sinh x 
1 1.1052 .9048 5.720 1.0050 .1002 0997 0022 1 0007 
2 1.2214 8187 11.384 1.0201 .2013 1974 .0086 1.3039 
3 1.3499 .7408 16.937 1.0453 3045 2913 0193 1.4836 
4 1.4918 .6703 22.331 1.0811 4108 3799 0339 1 6136 
5 1.6487 .6065 27.524 1.1276 5211 4621 0522 1.7169 
6 1.8221 5488 32.483 1.1855 6367 5370 .0739 1.8093 
7 2.0138 .4966 37.183 1.2552 .7586 6044 0987 1.8800 
8 2.2255 4493 41.608 1.3374 .888 1 .6640 1263 1 9485 
9 2.4596 .4066 45.750 1.4331 1.0265 .7163 .1563 0.0114 
1.0 2.7183 3679 49.605 1.5431 1.1752 .7616 .1884 0.0701 
1.1 3.0042 3329 53.178 1.6685 1.3356 8005 2223 0.1257 
1.2 3.3201 3012 56.476 1.8107 1.5095 8337 2578 0.1788 
1.3 3.6693 2725 59.511 1.9709 1.6984 8617 2947 0.2300 
1.4 4.0552 .2466 62.295 2.1509 1.9043 8854 3326 0.2797 
1.5 4.4817 2231 64.843 2.3524 2.1293 9051 3715 0.3282 
1.6 4.9530 .2019 67.171 2.5775 2.3756 9217 4112 0.3758 
1.7 5.4739 .1827 69.294 2.8283 2.6456 .9354 4515 0.4225 
1.8 6.0496 .1653 71.228 3.1075 2.9422 .9468 4924 0.4687 
1.9 6.6859 .1496 72.987 3.4177 3.2682 .9562 5337 0.5143 
2.0 7.3891 .1353 74.584 3.7622 3.6269 .9640 5754 0.5595 
2.1 8.1662 1225 76.037 4.1443 4.0219 .9705 6175 .6044 
pp 9.0250 .1108 77.354 4.5679 4.4571 9757 6597 6491 
2.3 9.9742 .1003 78.549 5.0372 4.9370 .9801 .7022 .6935 
2.4 11.023 .0907 79.633 5.5569 5.4662 .9837 .7448 7377 
2.5 12.183 0821 80.615 6.1323 6.0502 9866 .7876 .7818 
2.6 13.464 0743 81.513 6.7690 6.6947 .9890 8305 0.8257 
2.7 14.880 .0672 82.310 7.4735 7.4063 .9910 8735 0.8696 
2.8 16.445 .0608 83.040 8.2527 8.1919 .9926 .9166 0.9134 
2.9 18.174 0550 83.707 9.1146 9.0596 .9940 9597 0.9571 
3.0 20.086 0498 84.301 10.068 10.018 9951 1.0029 1.0008 
3.1 22.198 0450 84.841 11.121 11.076 .9959 1.0462 1.0444 
3.2 24.533 .0408 85.336 12.287 12.246 .9967 1.0894 1.0880 
3.3 27.113 .0369 85.775 13.575 13.538 .9973 1.1327 1.1316 
3.4 29.964 .0334 86.177 14.999 14:965 .9978 1.1761 1.1751 
3.5 33.115 .0302 86.541 16.573 16.543 9982 1.2194 1.2186 
3.6 36.598 0273 86.870 18.313 18.285 9985 1.2628 1.2621 
3.7 40.447 0247 87.168 20.236 20.211 .9988 1.3061 1.3056 
3.8 44.701 0224 87.437 22.362 22.339 .9990 1.3495 1.3491 
3.9 49.402 0202 87.681 24.711 24.691 .9992 1.3929 1.3925 
4.0 54.598 0183 87.903 27.308 27.290 .9993 1.4363 1.4360 
4.1 60.340 .0166 88.104 30.178 30.162 .9995 1.4797 1.4795 
4.2 66.686 .0150 88.28 1 33.351 33.336 .9996 1.5231 1.5229 
4.3 73.700 .0136 88.447 36.857 36.843 .9996 1.5665 5664 
44 81.451 0123 88.591 40.732 40.719 .9997 1.6099 .6098 
45 90.017 0111 88.728 45.014 45.003 .9997 1.6533 6532 
4.6 99.484 .0101 88.849 49.747 49.737 .9998 1.6968 .6967 
4.7 109.95 .0091 88.957 54.978 54.969 .9998 1.7402 .7401 
48 121.51 .0082 89.055 60.759 60.751 .9999 1.7836 7836 
4.9 134.29 .0074 89.146 67.149 67.141 .9999 1.8270 8270 
5.0 148.41 .0067 89.227 74.210 74.203 .9999 1.8705 1.8704 


